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1.0  INTRODUCTION 

The  FHWA  Level  1  highway  traffic  noise  prediction  program  is 
one  part  of  a  continuing  effort  to  refine  and  improve  engineering  methods 
for  the  prediction  of  traffic-generated  noise.  The  computer  program 
described  in  this  report  is  based  upon  the  theory  of  Reference  1  and 
is  a  model  designed  to  allow  the  user  to  predict  quickly  traffic  noise 
impacts  for  simple  roadway-receiver  geometries.  The  FHWA  Level  1  program 
is  given  the  acronym  SNAP  1.0  for  Simplified  Noise  Analysis  Program.  SNAP 
predicts  the  equivalent  sound  level  metric,  Leq,  and  approximates  the 
Lio  percentile  sound  level  for  constant  speed  traffic  flows  comprising 
a  mix  of  vehicle  types. 

SNAP  allows  the  user  to  formulate  site  geometry  using  lateral, 
longitudinal,  and  vertical  coordinates  rather  than  distances  and  angles 
as  measured  from  a  receiver.  This  formulation  for  site  geometry  was 
selected  so  that  site  geometry  defining  traffic  lanes  and  a  barrier  location 
need  only  be  defined  once.  The  user  may  then  define  as  many  locations  for 
receivers  as  desired  without  redefining  the  traffic  lanes  and  the  barrier 
location. 

The  theory  of  barrier  noise  attenuation  used  for  SNAP  calcu- 
lations assumes  that  traffic  lanes  are  parallel  to  the  top  edge  of  the 
barrier.  This  means  that  for  traffic  noise  predictions  with  barrier 
attenuation,  all  traffic  lanes  must  be  parallel  to  each  other  and  par- 
allel to  the  barrier.  Lanes,  however,  may  be  placed  at  different  ele- 
vations. If  the  user  desires  predictions  without  barrier  attenuation, 
SNAP  allows  the  user  to  model  accurately  curved  roadways.  However,  each 
lane  must  be  at  a  constant  elevation.  SNAP  most  accurately  models  sites 
that  are   essentially  flat. 

The  FHWA  Level  1  program  is  described  in  this  user's  manual. 
The  main  text  is  devoted  to  a  discussion  of  problem  formulation  using 
the  SNAP  1.0  program  and  the  interpretation  of  the  various  output  pre- 
dictions. Appendices  that  document  the  program  are  included. 


If  the  user  decides  that  SNAP  1.0  cannot  accurately  define  the 
site  geometry  associated  with  a  given  problem,  the  user  may  wish  to  con- 
sider the  FHWA  Level  2  highway  traffic  noise  prediction  model  (2)*. 


*Numbers  in  (  )  in  the  text  denote  references  listed  at  the  end  of 
the  report. 


2.0  PREDICTION  OF  HIGHWAY  TRAFFIC  NOISE:  SNAP  1.0 

2.1  Overview  of  Problem  Definition 

SNAP  allows  the  user  to  predict  highway  traffic  noise  consi- 
dering the  following: 

•  Multi-lane  Highways  -  A  maximum  of  12  parallel  traffic 
lanes  each  described  by  a  speed  and  a  mix  of  vehicles 
are  allowed. 

t  Vehicle  Types  -  Three  code-defined  vehicles  and  one 
optional  user-defined  vehicle  with  speed-dependent 
noise  emission  characteristics  may  be  defined. 

•  Sound  Level  Adjustments  -  The  user  may  define 
constant  sound  level  adjustments  for  each  vehicle 
type  on  each  lane  to  simulate,  for  example,  noise 
emissions  due  to  traffic  on  grades. 

•  Barrier  Attenuation  -  The  optional  specification  of  a 
single  barrier  with  the  top  edge  parallel  to  the 
traffic  lanes  is  allowed.  Either  "thin  screen"  or 
"berm"  attenuation  may  be  selected. 

•  Excess  Distance  Attenuation  -  For  each  lane-receiver 
combination,  the  user  may  define  an  excess  distance 
attenuation  parameter  to  simulate  site  acoustic 
characteristics. 

•  Unlimited  Number  of  Receiver  Locations  -  For  a  given 
roadway-barrier  configuration,  traffic  noise  predic- 
tions are   conducted  for  as  many  receiver  locations  as 
the  user  specifies. 

•  Tabulated  Output  -  For  each  receiver  location,  tabu- 
lations of  the  sound  level  contributions  from  each 
vehicle  type  on  each  traffic  lane  with  subtotals  by 
vehicle  type  and  by  lane  are  presented.  These  tabu- 
lations allow  the  user  to  estimate  barrier  noise 
abatement  effectiveness  both  by  vehicle  type  and 
traffic  lane.  The  tabulations  may  be  directly 
included  in  a  report  without  photo  reduction. 

2.2  Multi-Lane  Highways 

SNAP  1.0  allows  the  user  to  specify  a  maximum  of  12  traffic 
lanes  to  simulate  a  roadway  configuration.  Each  lane  is  geometrically 
described  as  a  constant  elevation  (z  coordinate)  straight  line  segment. 


The  orientation  of  the  lane  in  the  horizontal  plane  is  defined  by  speci- 
fying the  (x,y)  coordinates  of  each  end  point  of  the  lane. 

SNAP  1.0  assumes  that  each  lane  is  parallel  to  the  defined  loca- 
tion of  a  barrier.  If  the  problem  does  not  require  barrier  attenuation 
calculations,  the  theory  upon  which  SNAP  1.0  is  based  allows  the  user  to 
simulate  non-parallel  traffic  lanes.  Additionally,  it  is  recognized  that 
depending  upon  the  available  site  data  and/or  estimating  end  points  from  map 
coordinates,  the  specification  of  exactly  parallel  line  segments  may  be 
difficult.  To  allow  the  user  the  freedom  of  specifying  either  non-parallel 
lanes  (no  barrier  attenuation)  or  to  establish  an  engineering  tolerance  for 
parallel  line  segments,  SNAP  1.0  defines  a  criterion  for  parallelism. 

The  criterion  for  parallelism  is  specified  as  the  maximum  allow- 
able angular  deviation,  expressed  in  degrees,  between  two  straight  line 
segments  as  measured  in  the  horizontal  (x,y)  plane.  Line  segments  that 
are  exactly  parallel  are  specified  by  a  criterion  of  0.0°.  Non-parallel 
lines  are  specified  by  an  appropriate  angle  up  to  90°  maximum.  The  con- 
cept of  specifying  this  criterion  is  illustrated  in  Figure  2-1. 

The  user  must  exercise  engineering  judgement  in  specifying  the 
maximum  allowable  angular  deviation.  For  barrier  attenuation  calcula- 
tions, the  angular  deviation  should  be  as  small  as  practical*.  If  the 
user  does  not  define  a  barrier  for  a  problem,  he  may  specify  the  angular 
deviation  as  90°  and  orient  the  lanes  as  desired.  SNAP  1.0  will  terminate 
execution  if  any  two  line  segments  are  specified  with  a  relative  angular 
deviation  exceeding  the  criterion  value. 

The  geometric  specification  of  traffic  lanes  allows  the  user 

to  define  lanes  that  coincide  in  location.   This  feature  allows  the  user 

to  define  traffic  flows  at  different  speeds  and  vehicle  mixes  based  upon 
the  concept  of  an  "equivalent"  lane  distance  (1). 


See  Appendix  A,  Section  A. 2,  pp.  A-4  to  A-7  and  Eqn  (A-5a) 
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FIGURE  2-1  SPECIFICATION  OF  CRITERION  FOR  PARALLELISM 


2.3      Vehicle  Types 

The  formulation  of  the  SNAP  1.0  model  requires  the  definition 
of  traffic  flow  conditions  on  each  lane  for  a  specified  time  period. 
That  is,  all  traffic  flow  data  for  all  lanes  must  correspond  to  the  same 
time  period.  The  sound  level  metrics  estimated  by  SNAP  1.0  are  Leq  and 
1-10 »  f°r  tne  time  period  T.  Hence,  the  user  may  use  half-hourly,  hourly, 
or  daily  (24-hour)  data,  as  desired  and  SNAP  1.0  will  calculate  the  traffic 
noise  estimates  accordingly.  Generally,  the  user  will  desire  "worst-hour" 
traffic  noise  levels.  In  this  case,  the  hourly  data  describing  lane  speed 
and  vehicle  count  (by  vehicle  type  and  lane)  are  used  as  input. 

For  each  lane  defined  for  the  problem,  the  following  traffic 
data  for  the  time  period  T  hours  are  required  to  execute  SNAP  1.0: 


• 


Average  Lane  Speed,  Sj,   in  kilometres  per  hour 


•     Number  of  Vehicles  of  Each  Type,  N-jj,   in  vehicles 
per  hourly  time  period  T. 

Subscript  i   denotes  a  vehicle  type  and  subscript  j  denotes  a  lane. 

2.3.1  Noise  Emission  Levels 

SNAP  1.0  estimates  vehicle  noise  emissions  in  terms  of  the 
reference  energy  mean  emission  level  {L0)e  as  defined  in  Reference  1. 
This  level  is  defined  at  a  reference  distance,  D0,  of  15m  from  a  traffic 
lane.  SNAP  1.0  estimates  (L0)e  as  a  function  of  vehicle  speed,  S,in 
kilometres  per  hour,  using  the  basic  relationship: 

(L0)E  =  A  +  Blog(S)  (2-1) 

The  coefficients  A  and  B  in  Equation  (2-1)  depend  upon  the  vehicle  type 
(1),  (3). 


SNAP  1.0  allows  the  user  to  specify  a  maximum  of  four  vehicle 
types  for  each  lane.  The  first  three  vehicle  types  are  defined  by  SNAP 
1.0  using  stored  values  for  the  coefficients  A  and  B.  The  user  may  addi- 
tionally specify  an  optional  vehicle  type  by  defining  values  for  the 
coefficients  A  and  B.  The  definition  of  these  coefficients  requires  a 
rather  extensive  experimental  data  base  (3)  and  must  be  defined  for  the 
reference  distance  of  15m. 

SNAP  1.0  defines  vehicle  types  as  follows: 

Type  1  Vehicles  -  Passenger  Cars  and  Light  Trucks: 

All  vehicles  with  two  axles  and  four  wheels  designed 
primarily  for  transportation  of  nine  or  fewer  passengers 
and  for  transportation  of  cargo.  Generally,  the  vehicle 
weight  is  less  than  4536  kg*. 

Type  2  Vehicles  -  Medium  Trucks: 

All  vehicles  having  two  axles  and  six  wheels  designed  for 
transportation  of  cargo.  Generally,  the  vehicle  weight  is 
greater  than  4536  kg*  but  less  than  11,800  kg*. 

Type  3  Vehicles  -  Heavy  Trucks: 

All  vehicles  having  three  or  more  axles  and  designed  for 
the  transportation  of  cargo.  Generally,  the  vehicle 
weight  is  greater  than  11,800  kg*. 

Type  4  Vehicles  -  User-Defined  Vehicle: 

Any  sound  level  specification  in  the  form  of  Equation 
(2-1)  that  applies  to  constant-speed  cruise  conditions 
between  50  to  100  km/h. 

The  data  base  upon  which  Equation  (2-1)  is  defined  for  Type 
1  through  3  restricts  traffic  flow  noise  simulation  to  cruise  conditions 
at  speeds  between  50  km/h  and  100  km/h.  If  the  user  defines  a  lane  speed 
outside  this  range,  warning  messages  are  printed  as  described  in  Section 
4. 

Figure  2-2  presents  a  plot  of  (ro)^  versus  speed  for  the 
three  vehicle  types  defined  by  SNAP  1.0. 


*kg  denotes  kilograms  force  or  Newtons. 


90T 


70  80 

VEHICLE  SPEED,  KILOMETRES  PER  HOUR 


FIGURE  2-2.  ENERGY  MEAN  EMISSION  LEVELS  AS  A  FUNCTION  OF  VEHICLE  SPEED 
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2.3.2 


Source  Heights 


For  each  vehicle  type,  the  user  must  specify  a  source  height 
defining  the  "acoustic  center"  of  the  vehicle  relative  to  the  lane  eleva- 
tion.  The  following  values  for  vehicle  source  heights  are  recommended: 


Vehicle  Type 

Vehicle  Source  Height,  metres 

Passenger  Cars  & 
Light  Trucks 

Medium  Trucks 

Heavy  Trucks 

Other  Vehicles 

0.0 
0.7 
2.44 
As  Judged  by  User 

These  values  are    used  for  each  vehicle  type  on  each  lane  in  the  barrier 
attenuation  calculations. 

For  each  traffic  lane,  the  user  specifies  the  average  speed, 
S,  in  kilometres  per  hour  and  the  number  of  each  vehicle  type  comprising 
the  traffic  flow  on  the  lane.  The  vehicle  count  must  correspond  to  the 
time  period,  T,  defining  the  problem. 


2.4 


Sound  Level  Adjustments 


The  reference  energy  mean  emission  levels  defined  by  SNAP  1.0 
are  based  upon  vehicles  operating  under  cruise  conditions  on  flat  terrain. 
To  improve  the  flexibility  of  the  SNAP  1.0  model,  the  user  may  specify 
constant  sound  level  adjustments  for  any  vehicle  type  on  any  traffic 
lane.  These  adjustments  may  be  used,  for  example,  to  include  the  effects 
of  grade  in  the  traffic  noise  predictions.  SNAP  1.0  uses  the  sound  level 
adjustments  by  adding  the  constant  to  the  vehicle  reference  energy  mean 
emission  level  for  each  vehicle  type  on  each  traffic  lane.  The  sound 
level  adjustments  may  be  positive  or  negative  depending  upon  the  nature 
of  the  effect  that  the  user  is  simulating. 


To  provide  the  user  with  guidance,  sound  level  adjustments 
for  grade  effects  are  presented.  These  adjustments  are  not  based  upon 
an  extensive  experimental  data  base.  References  4  and  5  indicate  pro- 
cedures that  can  be  used.  The  two  procedures  give  different  results 
but  both  are  based  upon  a  positive  adjustment  only  for  heavy  trucks  moving 
on  an  uphill  grade.  The  user  should  remember  that  for  grades  exceeding 
7  percent,  trucks  cannot  operate  at  a  constant  speed. 

Based  upon  the  results  of  Reference  4,  a  constant  sound  level 
adjustment,  expressed  in  dB,  is  applied  for  heavy  trucks  moving  up  a 
grade.  The  recommended  adjustments  are: 


Gradient  % 

Adjustment,  dB 

Less  than  2 
3  to  4 
5  to  6 
Greater  than  7 

0 

+2 
+3 
+5 

Based  upon  the  results  of  Reference  5,  sound  level  adjustments 
for  heavy  trucks  moving  up  a  grade  are: 


Adjustment  =  7.28  -  3.31og(S)  +  G,  dB 


(2-2) 


where    S  is  the  heavy  truck  speed,  km/h 

G  is  the  grade  in  percent  (less  than  7) 

The  result  of  Equation  (2-2)  is  presented  in  Figure  2-3.  The  user  will  note 
that  the  grade  adjustments  estimated  using  Equation  (2-2)  are  larger  than 
the  adjustments  indicated  by  Reference  4.  It  is  recommended  that  the 
Reference  4  grade  adjustments  be  used  until  future  research  can  provide 
better  data  (1 ). 
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Adjustment  =  7.28  -  3.3-log(S)  +  G,     dB     (G  <  7) 
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FIGURE  2-3.  HEAVY  TRUCK  SOUND  LEVEL  ADJUSTMENT  FOR  GRADES  (Reference  5) 
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2.5  Barrier  Attenuation 

SNAP  1.0  defines  a  barrier  by  type  and  geometric  alignment. 
The  user  may  specify  a  barrier  as  either  a  "thin  screen"  or  as  a  "berm". 
A  thin  screen  barrier  simulates  a  structural  wall.  A  "berm"  simulates 
a  mound  of  earth.  SNAP  1.0  considers  a  barrier  to  be  of  constant  eleva- 
tion with  noise  diffracting  over  the  top  edge  of  the  barrier.  Diffraction 
around  the  ends  of  the  barrier  is  ignored.  The  barrier  diffraction  model 
used  by  SNAP  1.0  assumes  that  a  lane  is  parallel  to  the  top  edge  of  the 
barrier.  Additionally,  a  berm  is  assumed  to  provide  3  dB  more  attenua- 
tion than  a  thin  screen  for  a  given  source-barrier-receiver  geometry. 
Thin  screens  are  limited  to  a  maximum  of  20  dB  attenuation  and  berms  to 
23  db  attenuation. 

The  geometric  specification  of  a  barrier  for  SNAP  1.0  requires 
the  (x,y)  coordinates  of  each  end  point  of  the  barrier  and  the  constant 
elevation   (z-coordinate)  of  the  top  edge  of  the  barrier. 

The  SNAP  1.0  user  does  not  have  to  be  concerned  with  the  loca- 
tion of  a  lane  relative  to  the  barrier  other  than  the  requirement  for 
parallel  line  segments.  SNAP  1.0  will  correctly  resolve  the  geometry 
to  determine  the  segments  of  each  lane  that  are  shielded  or  unshielded 
by  the  barrier. 

2.6  Excess  Distance  Attenuation 

Since  the  SNAP  1.0  model  does  not  recognize  a  ground  plane  as 
such,  the  user  must  specify  a  value  for  the  site  excess  distance  attenua- 
tion parameter,  a,  for  each  lane  relative  to  the  receiver.  The  theory 
associated  with  this  distance  attenuation  model  is  described  in  Reference 
1.  The  specification  of  "alpha",  a  ,  for  each  lane  applies  only  to  sub- 
segments  of  the  lane  that  are  unshielded  by  the  barrier.  The  user  must 
exercise  engineering  judgement  when  specifying  a  value  for  a.  For  guidance, 
the  following  relation  between  a  and  a  distance  attenuation  rate,  n  ,  in 
dB  per  distance  doubling  is  presented: 
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data 


• 

a   =   -1.0 

• 

a   =   -0.5 

• 

a   =      0.0 

• 

a   =      0.5 

• 

a  =      1.0 

n  =  3(1+ a  ),  dB/DD  (2-3) 

The  user  should  remember  the  following  in  formulating  input 

n  =  0  dB/DD     (Zero  Distance  Attenuation) 

n  =  1.5  dB/DD 

n  =  3.0  dB/DD   (Classical  Line  Source) 

n  =  4.5  dB/DD 

n  =  6.0  dB/DD   (Classical  Point  Source) 

SNAP  1.0  utilizes  numerical  integration  to  evaluate  the  various 
functions  dependent  upon  the  parameter  a  (See  Appendix  A).  Hence,  the 
user  may  specify  a  as  any  value  greater  than  -1.0.  If  the  user  does  not 
specify  a  value  for  a  for  a  lane,  the  value  of  «  remains  at  the  last 
specified  value  used  by  SNAP  1.0. 

2.7  Unlimited  Number  of  Receiver  Locations 

SNAP  1.0  defines  a  receiver  location  by  a  point  with  (x,y,z) 
coordinates.  No  adjustments  to  the  receiver  location  are  conducted  inter- 
nally to  the  program.  The  only  restrictions  on  receiver  location  are  that  a 
receiver  may  not  be  closer  than  15  metres  from  a  lane  segment  or  0.5  metre 
from  the  top  edge  of  a  barrier.  Violation  of  these  restrictions  will 
terminate  execution  of  the  program.  The  number  of  receiver  locations  is 
unlimited. 

2.8  Tabulated  Output 

SNAP  1.0  predicts  the  Leq  metric  at  the  receiver  contributed 
by  each  vehicle  type  defined  for  each  lane.  The  Leq  contribution  at  the 
receiver  is  subtotaled  for  vehicle  types  and  for  lanes.  Of  course,  the 
total  Leq  estimate  is  presented.  For  each  vehicle  type  on  each  lane,  the  L^q 
sound  level  metric  is  estimated  from  the  Leq  value  as  described  in  Appendix 
A. 3.  The  Lio  metric  is  summed  over  vehicle  types  and  lanes  in  a  manner 
similar  to  the  Leq  metric.  These  results  are  presented  in  the  tabulated 
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format  of  Figure  2-4.  In  Figure  2-4,  the  notation  "(NO  BARRIER  ATTENUATION)" 
denotes  that  the  results  are  for  a  site  without  a  barrier. 

If  the  user  defines  a  barrier,  SNAP  1.0  automatically  predicts 
two  additional  tabulations  similar  to  Figure  2-4  for  receiver  sound  levels 
with  barrier  attenuation  and  the  barrier  field  insertion  loss. 

As  an  output  option,  the  user  may  direct  SNAP  1.0  to  print  five 
additional  tables  that  further  quantify  the  barrier  noise  attenuation 
performance.  For  the  maximum  limit  of  12  lanes,  the  tabulations  genera- 
ted by  SNAP  1.0  fit  directly  on  a  page  without  photographic  reduction. 

The  specific  form  and  description  of  the  output  data  provided 
by  SNAP  1.0  are  presented  in  Section  6. 
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FHWA    HIGHWAY    TRAFFIC 

NOISE    PREDICTION    MODEL 

(SNAP    1.0) 

TABLE     1 

SOUND  LEVEL  CONTRIBUTIONS  AT  RECEIVER 
ALL  LANE  SEGMENTS 

(NO  BARRIER  ATTENUATION) 


SlTE-Cl:RUN-04:FHWA-RP-76-54:STATIDN  1 


OBSERVER  COORDINATES  (METRES) 
X  Y  Z 


0.0 

LANE    #    ALPHA    SOUND    LEVEL 

METRIC 


-6.80 


2.  14 


h 


Leq  Contribution 

From  Heavy  Trucks 
on  Lane  3 


CARS       MEDIUM    HEAVY       OTHER       LANF 
TRUCKS    TRUCKS      /  TOTALS 


l 

2 

3 

*x 

5 

6 

7 

8 

9 

10 

VEHICLE 
TOTALS 


0.50 
0.50* 

0.50 
0.50 
0.50 
0.50 
0.5  0 
0.50 
0.50 
0.50 


Total  L_  Contribution 
eq 

from  Automobiles 
on  All  Lanes 


LEQ 

65.28 

0.0 

70.97 

L10 

69.11 

0.0 

71. 5B 

LEG 

63.91 

0.0 

69.60 

L10 

67.61 
62.77 
66.36 

0.0 
0.0 
0.0 

71.25 

LEQ 

68. 46 

L1C 

70.79 

LEG 

61  .80 

0.0 

67.49 

L1C 

65.27 

0.0 

70.27 

LEQ 

60.96 

0.0 

66.64 

L1C 

64.32 

0.0 

69.75 

LEQ 

59.33 

0.0 

63.87 

L10 

62.48 

0.0 

66.95 

LEG 

58.73 

0.0 

63.23 

L10 

61  .81 

0.0 

66.55 

LEQ 

58.19 

0.0 

62. 7^ 

L10 

61  .20 

0.0 

66.16 

LEO 

57.69 

0.0 

62. 24 

L1C 

60.63 

0.0 

65.73 

LEQ 

57.22 

0.0 

6 1  .  77 

L10 

60.10 

0.0 
C.O 
0.0 

65.41 

LEC 

J71.42 

76.85 

L10 

/  74  .93 

79.07 

Total  L 
eq 

Contribution 

from  Lane  5 

for  All 

Vehicles 


Total  Receiver  L 


eq 


FIGURE  2-4.  TABULAR  FORMAT  OF  SNAP  1.0  SOUND  LEVEL  ESTIMATES 
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3.0  NOTES  ON  FORMULATING  PROBLEMS 

The  FHWA  Level  1  highway  traffic  noise  prediction  program, 
SNAP  1.0,  is  designed  to  consider  rather  simple  site  configurations  com- 
prising lanes,  receivers  and  a  single  barrier.  If  a  barrier  is  defined, 
all  lanes  must  be  parallel  to  the  barrier.  All  lanes  and  the  barrier  are 
described  geometrically  by  straight  line  segments.  Each  straight  line 
segment  is  at  a  constant  elevation.  This  section  presents  notes  on  for- 
mulating problems  for  solution  using  SNAP  1.0.  If  the  user  decides  that 
SNAP  1.0  cannot  accurately  define  a  problem  based  upon  its  inherent  geo- 
metric restrictions,  the  user  may  consider  the  more  general  FHWA  Level 
2  program  (2). 

Basically,  SNAP  1.0  applies  to  sites  that  are  essentially  flat. 
The  applicability  of  the  SNAP  1.0  model  to  a  specific  problem  can  only 
be  decided  based  upon  the  relative  alignment  of  the  lanes,  the  barrier, 
and  the  receivers. 

3.1      Formulating  Geometry 

The  formulation  of  site  geometry  for  SNAP  1.0  requires  the  user 
to  define  the  location  of  points  and  line  segments  in  a  (x,y,z)  coordinate 
space.  The  x-y  coordinates  define  the  location  of  a  point  in  the  hori- 
zontal plane.  The  z  coordinate  defines  the  vertical  location  of  the  point. 
Receiver  locations  are  defined  by  the  points  (x,y,z)  at  which  the  user 
desires  the  sound  level  estimates. 

Lanes  and  the  top  edge  of  a  barrier  are  defined  by  straight 
line  segments.  A  straight  line  segment  is  defined  for  SNAP  1.0  by  speci- 
fying the  x-y  coordinates  of  each  end  point  and  a  z  coordinate  (elevation). 
Hence,  SNAP  1.0  considers  all  lanes  and  a  barrier*  to  be  parallel  to  the 
horizontal  plane  z  =  0.0.  Any  coordinate  value  (x,  y  or  z)  may  be  specified 
as  positive  or  negative  as  the  user  desires. 


Carrier  location  implies  the  top  edge  of  the  barrier 
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SNAP  1.0  considers  only  finite  length  line  segments.  Hence, 
if  the  user  desires  to  define  an  "infinite"  coordinate,  he  must  specify 
a  "large"  value  for  the  coordinate.  As  described  in  Section  5,  SNAP  1.0 
accepts  input  data  for  coordinate  definition  up  to  a  maximum  of  8  sig- 
nificant digits.  The  user  should  not  find  this  restriction  significant 
but  should  remember  that  the  definition  of  "large"  or  "small"  is  relative 
to  the  maximum  distance  of  a  receiver  from  a  lane  for  a  given  problem. 
Generally,  the  user  should  limit  receiver  locations  to  within  300  metres 
of  any  traffic  lane.  SNAP  1.0  will  properly  define  the  relative  locations 
of  the  lanes,  the  barrier  and  the  receiver  without  the  user  considering 
the  conversion  of  absolute  (i.e.,  map)  coordinates  to  local  (site)  coor- 
dinates. 

The  user  must  always  remember  that  a  complex  site  geometry 
may  be  amenable  to  solution  using  SNAP  1.0  within  the  restrictions  placed 
on  the  geometric  problem.  This  is  accomplished  by  dividing  the  complete 
problem  into  subproblems  that  can  be  accurately  considered  by  SNAP  1.0. 
Such  a  subdivision  is  required  only  if  the  site  deviates  significantly 
from  a  "flat"  configuration*  or  if  the  user  requires  accurate  barrier 
attenuation  calculations  considering  all  lanes. 

3.2      Roadway  Configurations 

SNAP  1.0  considers  multi-lane  roadway  configurations.  Each 
lane  is  defined  by  its  location  (a  straight  line  segment  of  constant 
elevation)  and  by  the  traffic  flow  on  the  lane.  Accurate  modeling  of 
the  site  geometry  for  the  purposes  of  traffic  noise  estimates  using  SNAP  1.0 
essentially  requires  a  site  where  each  lane  may  be  located  at  a  constant 
elevation  for  all  receivers.  Concerning  this  point,  engineering  judgement 
of  the  user  is  required.  Generally,  the  user  may  ignore  lanes  at  a  distance 
greater  than  300  metres  from  any  receiver. 


*A  "flat"  configuration  means  that  each  lane  appears  to  each  receiver 
as  a  constant  elevation  line  source. 
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After  deciding  the  applicability  of  site  "flatness"  ,  the  user 
must  decide  whether  or  not  barrier  attenuation  is  required.  If  barrier 
attenuation  calculations  are  not  required,  the  user  may  define  an  arbi- 
trary orientation,  in  the  horizontal  plane,  for  the  roadway  segments. 
If  the  user  requires  barrier  attenuation  calculations,  all  lane  segments 
must  be  specified  parallel  to  the  top  edge  of  the  barrier. 

3.2.1  Curved  Alignments  -  No  Barrier 

For  curved  roadway  alignments  and  no  barrier  attenuation,  the 
user  must  specify  the  criterion  for  parallelism  (See  Section  5.1)  as  the 
maximum  relative  angular  difference  between  any  lane  defined  for  the 
problem.  By  specifying  the  criterion  as  "90°",  the  user  will  allow  any 
relative  alignment  of  lanes.  Curved  roadway  alignments  must  be  specified 
using  straight  line  segments  with  each  segment  at  a  specified  elevation. 
Intersecting  roadways  or  overpasses  may  be  simulated  if  the  user  recog- 
nizes that  SNAP  1.0  considers  only  freely  flowing  traffic  and  does  not 
consider  horizontal  surfaces,  i.e.,  potential  shielding  realized  for  an 
elevated  roadway. 

3.2.2  Curved  Alignments  -  With  Barrier 

For  curved  roadway  alignments  with  barrier  attenuation,  the 
user  must  exercise  judgement  in  formulating  problems  using  SNAP  1.0. 
The  user  may  or  may  not  be  able  to  evaluate  barrier  attenuation  accurately 
for  curved  roadway  alignments  using  SNAP  1.0.  Figure  3-1  illustrates 
the  concepts  involved  for  the  user  to  decide  the  applicability  of  SNAP 
1.0  to  calculate  highway  traffic  noise  abatement  for  curved  alignments 
with  barrier  attenuation.  In  any  event,  to  evaluate  receiver  sound  levels 
accurately,  the  user  must  conduct  multiple  executions  of  SNAP  1.0  and 
combine  results  external  to  the  program  execution.  For  complex  site 
geometry,  the  user  may  decide  to  use  the  FHWA  Level  2  program. 
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3.3      Traffic  Flow  Conditions 

In  formulating  traffic  flow  conditions  for  input  to  SNAP  1.0, 
the  user  must  recognize  that  all  traffic  data  for  all  lanes  must  correspond 
to  the  time  period,  T,  specified  for  the  problem  (see  Sections  5.1  and 
5.5).  The  user  may  specify  24-hour  data,  hourly  data,  half-hourly  data, 
etc.,  as  desired.  The  vehicle  count,  by  type  and  lane,  and  the  travel 
speed,  by  lane,  must  be  consistent  with  the  time  period  specified.  The 
predicted  sound  level  metrics  Leq  and  L^g  aPPly  to  the  specified  time  period, 

If  the  user  specifies  vehicle  sound  level  adjustments  to  simulate 
grade  effects,  the  traffic  flow  must  be  defined  for  the  uphill  direction 
and  the  downhill  direction. 
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4.0  ERROR  MESSAGES 

The  FHWA  Level  1  highway  traffic  noise  prediction  program  prints 
error  messages  to  advise  the  user  of  violations  of  basic  assumptions  upon 
which  the  program  is  based.  Two  types  of  error  messages  are  printed: 
warnings  and  fatal  errors.  Warnings  do  not  halt  execution  of  SNAP  1.0. 
Fatal  errors  halt  execution. 

4. 1      Error  Messages  Occurring  During  Input 

As  SNAP  1.0  reads  input  data,  audits  of  the  data  are  performed 
to  ensure  that  certain  criteria  are  not  exceeded. 

Exceeding  the  speed  range  limits  for  vehicle  cruise  conditions 
(see  Section  2.3.1)  results  in  the  following  error  messages  as  appropriate: 

"LANE  XX  SPEED  XXX  IS  LESS  THAN  50  AND  IS  SET  TO  50" 
"LANE  XX  SPEED  XXX  IS  GREATER  THAN  100  AND  IS  SET  TO  100". 

These  messages  are  warnings  and  the  program  execution  continues  with  the 
adjustments  as  noted. 

If  the  angular  deviation  of  a  lane  from  the  specified  criteria 
for  parallelism  is  exceeded,  SNAP  1.0  prints  the  following  message: 

"LANE  XX  IS  NOT  PARALLEL". 

This  message  signals  a  fatal  error.  Execution  of  SNAP  1.0  is  terminated. 
The  user  should  check  the  geometric  (x,y)  coordinates  used  to  specify 
the  lane  and/or  increase  the  criterion  for  parallelism,  as  necessary. 
The  user  may  refer  to  Section  2.2  and  Figure  2-1  for  the  discussion  of 
criteria  specification. 
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4.2      Error  Messages  Occurring  During  Execution 

During  execution,  SNAP  1.0  audits  calculations  to  ensure  that 
the  user  has  not  defined  a  receiver  closer  than  15.0  metres  to  a  lane 
or  closer  than  0.5  metre  to  a  barrier.  If  either  of  these  situations 
occur,  the  following  messages  are  printed: 

"LANE  XX  IS  TOO  CLOSE" 
"OBSERVER  TOO  CLOSE  TO  BARRIER" 

These  error  messages  are  fatal.  Execution  of  SNAP  1.0  is  terminated  if 
either  message  is  printed.  The  user  should  adjust  the  observer  loca- 
tion as  appropriate. 
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5.0  INPUT  DATA  REQUIREMENTS 

The  input  data  requirements  to  execute  SNAP  1.0  are  simple; 
however,  the  format  for  input  data  is  rigid.  Except  as  noted  below,  all 
data  must  be  defined  in  the  indicated  sequence  for  proper  execution  of 
SNAP  1.0.  The  input  data  are  defined  in  data  blocks.  Each  data  block 
comprises  several  cards,  as  described  below.  The  data  blocks,  in  sequence, 
are: 

(1)  Initialization  and  Option  Parameters 

(2)  Barrier  Geometry 

(3)  Lane  Geometry,  Traffic  Flow,  and  Sound  Level  Adjustment 

(4)  Receiver  Location  and  Alpha  Definition. 

For  each  definition  of  data  for  blocks  (1)  through  (3)  above,  the  user 
may  define  as  many  receiver  locations  as  desired  before  execution  of 
the  program  is  terminated.  The  data  block  sequence  is  illustrated  in  Figure 
5-1. 

5. 1  Input  Data  Format 

The  FHWA  Level  1  prediction  program  accepts  input  data  from 
a  card  reader.   Three  types  of  input  data  format  are   allowed  by  the  code: 

o  Integer  Format  -  A  fixed  point  number  written  without 
a  decimal  point.  All  integers  must  be  right- justified 
within  the  allotted  field  of  the  input  card. 

o  Real  Constant  -  A  floating  point  number  written  with 
a  decimal  point.  Normally,  the  real  number  may  be 
situated  anywhere  within  its  allotted  field  on  the 
card. 

o  Alphanumeric  -  Any  combination  of  alphabetic  and  nu- 
meric characters.  Alphanumeric  data  may  be  located 
anywhere  within  the  allotted  field  on  a  card. 

5.2  Initialization  and  Option  Parameters 

SNAP  1.0  uses  initialization  and  option  parameters  to  define 
the  general  characteristics  of  the  problem  the  user  desires  to  solve. 
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The  sequence  and  format  of  the  initialization  parameters  required  for 
SNAP  1.0  are  indicated  in  Figure  5-2. 

The  first  card  defines  the  following  parameters  in  the  indi- 
cated format : 


T,  the  time  in  hours  for  which  the  Leq  and  l_io  values 
are  to  be  estimated. 

EPS,  the  type  of  barrier  to  be  used  for  noise  attenuation 

EPS  =  0.0  denotes  a  thin  screen 
EPS  =  1.0  denotes  a  berm. 

THETA,  the  maximum  allowable  angle  in  degrees  to  evaluate 
parallelism  of  line  segments  in  the  horizontal 
(x,y)  plane.  The  limits  on  THETA  are: 

THETA  =  0°   denotes  perfectly  parallel  segments 
THETA  =  90°  denotes  arbitrary  segment  orientation 

(use  only  if  barrier  attenuation  is 

not  required). 

The  second  card  defines  the  user  option  for  printing  sound 
level  estimates.  The  following  options  rigidly  apply: 


NOP  =  0  Directs  SNAP  1.0  to  print  eight  tables  describing 
the  traffic  noise  levels  at  each  receiver.  This 
option  should  be  elected  only  if  the  user  defines 
a  barrier.  Detailed  discussion  of  these  tables 
is  presented  in  Section  6. 

NOP  =  1  Directs  SNAP  1.0  to  print  either  one  table  or 

three  tables  describing  the  traffic  noise  levels 
at  each  receiver.  If  the  user  does  not  define  a 
barrier  (IBAR  =1),  one  table  describing  the 
receiver  sound  levels  will  be  printed  (See  Figure 
2-4).  If  the  user  defines  a  barrier  (IBAR  =  2), 
SNAP  1.0  will  print  three  tables  describing  the 
receiver  sound  levels  without  the  barrier, 
receiver  sound  levels  with  the  barrier,  and  the 
barrier  field  insertion  loss. 


The  third  card  defines  the  types  of  vehicles  required  to  define 
the  problem.  Generally,  the  user  will  define  NI  =  3  indicating  that  the 
traffic  flows  may  comprise  automobiles,  medium  trucks,  and  heavy  trucks. 
The  following  usage  applies: 
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NI  =  1,  consider  only  automobiles  in  the  sound  level 
estimate 

NI  =  2,  consider  automobiles  and  medium  trucks  in  the 
sound  level  estimate 

NI  =  3,  consider  automobiles,  medium  trucks,  and  heavy 
trucks  in  the  sound  level  estimate 

NI  =  4,  consider  automobiles,  medium  trucks,  heavy  trucks 
and  a  user-defined  "other  vehicle"  in  the  sound 
level  estimate. 


The  fourth  card  defines  the  vehicle  source  heights,  in  metres, 
needed  to  define  the  elevation  of  the  vehicle  "acoustic  center"  relative 
to  each  lane  elevation.  A  source  height  must  be  specified  in  the  indicated 
field  on  the  card  for  the  number  (NI)  of  vehicle  types  specified  on  the 
third  card. 

If  the  user  specifies  NI  =  4,  an  optional  vehicle  noise  emission 
card  must  be  included  to  define  the  vehicle  noise  emission  as  a  function 
of  speed  (See  Section  2.3.1).  Two  constants  are  required.  The  constant 
A  is  the  speed- independent  term.  The  constant  B  is  the  coefficient  on 
the  log-speed  term.  If  NI  =  3,  this  card  should  be  deleted. 

The  fifth  card  required  for  the  initialization  parameters  speci- 
fies the  user  option  to  define  a  barrier.  If  IBAR  =  1 ,  no  barrier  is 
to  be  defined  and  SNAP  1.0  will  calculate  only  traffic  noise  estimates 
for  the  defined  lanes  and  receivers.  If  IBAR  =  2,  a  barrier  is  to  be  de- 
fined and  SNAP  1.0  will  calculate  the  receiver  sound  levels  without  the 
barrier,  with  the  barrier,  and  the  barrier  field  insertion  loss  (see  card 
2). 

The  sixth  card  defines  the  total  number  of  cards  to  be  read 
to  define  the  locations  of  the  barrier  and  the  lanes.  For  example,  six 
lanes  and  a  barrier  requires  NJ  =  7.  The  definition  of  seven  lanes  with 
no  barrier  requires  NJ  =  7.  The  maximum  value  of  NJ  is  13  if  a  barrier 
is  defined  and  12  if  a  barrier  is  not  defined. 
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5.3  Barrier  Geometry 

One  card  is  required  to  define  the  barrier  location  for  SNAP 
1.0.  If  IBAR  =  1,  the  barrier  geometry  card  is  deleted  from  the  data 
set.  If  IBAR  =  2,  the  barrier  geometry  card  must  be  included  in  the  data 
set.  The  format  and  sequence  of  the  coordinate  input  values  are  indi- 
cated in  Figure  5-3. 

5.4  Lane  Geometry,  Traffic  Flow  Definition  and  Sound  Level  Adjustments 

Three  cards  are  required  for  each  lane  to  define  the  lane  geo- 
metry, the  traffic  flow  conditions,  and  the  vehicle  sound  level  adjust- 
ments. The  input  data  sequence  is  a  geometry  card,  a  traffic  flow  card, 
and  a  sound  level  adjustment  card  for  each  lane.  This  sequence  is  indi- 
cated in  Figure  5-4. 

The  first  lane  card  defines  the  coordinates  describing  the  lane 
geometry.  The  second  lane  card  defines  the  operating  speed  and  the  vehicle 
count  by  vehicle  type  for  the  lane.  The  user  must  define  the  number  of 
each  vehicle  type  (NI  as  defined  in  the  initialization  parameters)  present 
on  the  lane.  If  a  vehicle  type  is  not  present,  its  count  must  be  speci- 
fied as  zero.  The  travel  speed  and  the  vehicle  count  must  correspond 
to  the  time  period,  T,  defined  by  the  initialization  parameter.  The  third 
lane  card  defines  the  constant  sound  level  adjustments  for  each  vehicle 
type  on  the  lane. 

The  lane  cards  are  repeated  until  all  lanes  (specified  by  NJ) 
are  defined. 

5.5  Receiver  Location  and  Alpha  Definition 

The  definition  of  a  receiver  location  requires  two  cards.  The 
first  card  is  an  alphanumeric  title  card.  The  second  card  defines  the 
receiver  location  (x,y,z  coordinates)  and  the  values  of  the  "Alpha"  para- 
meter (  )  for  each  lane  relative  to  the  receiver.  The  input  data  format  is 
defined  in  Figure  5-5. 
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The  alphanumeric  title  is  printed  for  each  tabular  output  provided 
by  SNAP  1.0  in  the  line  above  the  location  of  the  receiver  coordinates  (See 
Figure  2-4).     The  user  may  specify  the  title  as  desired. 

Specification  of  a  receiver  and  the  values  of  each  lane  relative 
to  a  receiver  completes  the  definition  of  a  problem  for  SNAP  1.0.  By 
including  a  sequence  of  title  cards  and  receiver  location/alpha  cards,  the 
user  may  repeat  the  sound  level  estimates  for  other  receiver  locations 
surrounding  the  roadway-barrier  geometry  defined  for  the  data  set.  The 
number  of  receiver  locations  is  limited  only  by  the  user's  computing  budget. 
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6.0  EXAMPLE  PROBLEMS 

This  section  presents  three  example  problems  illustrating  the 
use  of  SNAP  1.0  to  predict  highway  traffic  noise  emissions.  The  first 
example  is  a  multi-lane  roadway  with  a  barrier  and  two  receivers.  The 
second  example  is  a  single  "equivalent  lane"  with  a  finite  barrier.  The 
first  example  is  compared  to  field  measured  values  of  Leq  and  L^g- -  The 
second  example  problem  illustrates  the  complete  output  tabular  format 
used  by  SNAP  1.0.  The  third  example  problem  illustrates  the  use  of  the 
vehicle  sound  level  adjustments  to  simulate  grade  effects. 

6.1      Example  Problem  1:  Comparison  to  Field  Measurements 

This  example  problem  is  a  simulation  of  a  field  test  site  re- 
ported in  Reference  6.  The  example  simulates  the  data  of  SITE  01  (SR-7, 
Long  Beach,  CA)  and  the  traffic  flow  data  of  RUN  04.  The  site  is  a 
straight,  ten-lane  roadway  at  a  constant  elevation  with  a  median  and  a 
thin  screen  barrier  3.66  metres  above  the  roadway  elevation.  In  the 
terminology  of  Reference  6,  the  receivers  are  taken  as  Station  01  and 
the  Reference  Station.  The  measured  sound  levels  at  the  site  (6,  page 
D-2)  for  the  ten  minute  (0.167  hour)  sample  time  are: 


Recei  ver 

Leq 

LlO 

L50 

Ref.  Station 

75.9 

78.8 

74.1 

Station  01 

67.6 

70.2 

66.4 

For  the  purposes  of  using  SNAP  1.0,  it  is  decided  to  uniformly  distri- 
bute the  traffic  flow  over  the  five  near  lanes  and  the  five  far  lanes. 
The  traffic  mix  is  simulated  using  only  the  automobile  (type  1)  and  the 
heavy  truck  (type  3)  vehicles  defined  by  SNAP  1.0.  Since  the  experi- 
mental data  comprised  a  ten  minute  (0.167  hour)  sample  of  noise  data  and 
traffic  flow,  it  is  decided  to  simulate  this  sample  time.  Hence,  the 
hourly  traffic  flow  conditions  defined  for  RUN  04  on  page  C-2  of  Refer- 
ence 6  are  divided  by  6  to  obtain  the  conditions  for  the  problem.  The 
number  of  vehicle  types  on  each  lane  are  rounded  to  integers  based  upon 
the  percentage  of  truck  traffic  indicated.  Since  the  roadway  is  at  a 
constant  elevation,  no  vehicle  sound  level  adjustments  are   required. 
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Since  the  site  represents  a  straight  infinite  length  roadway/ 
barrier  configuration,  the  end  points  of  the  lanes  and  the  barrier  are 
spaced  symmetrically  about  the  receiver  locations.  For  convenience,  the 
site  (x,y,z)  coordinate  system  is  placed  at  the  barrier  with  the  ground 
plane  placed  at  the  roadway  elevation.  The  site  geometry  is  illustrated 
in  Figure  6-1. 

The  input  data  defining  the  site  for  SNAP  1.0  execution  are 
presented  in  Figure  6-2.  It  is  decided  that  only  the  sound  level  esti- 
mates with  and  without  the  barrier  and  the  barrier  field  insertion  loss 
are  desired  (NOP  =  1).  Hence,  SNAP  1.0  will  compute  and  print  six  tabu- 
lations, three  for  each  receiver. 

Figure  6-3  presents  the  SNAP  1.0  tabulated  traffic  noise  esti- 
mates for  Station  01.  Four  tables  are  printed.  The  first  table  presents 
the  input  data  and  is  printed  once  for  each  set  of  receivers.  "TABLE 
1"  presents  the  sound  level  estimates  of  Station  01  for  the  site  without 
the  barrier,  i.e.,  the  "before  barrier"  configuration.  "TABLE  2"  presents 
the  sound  level  estimates  of  Station  01.  for  the  site  with  the  barrier. 
"TABLE  3"  presents  the  barrier  field  insertion  loss  estimates  (TABLE  1 
values  less  TABLE  2  values). 

As  indicated  in  TABLE  2  of  Figure  6-3,  the  estimated  receiver 
Leq  value  is  70.38  dB*  and  the  estimated  receiver  Lxo  value  is  73.08  dB*. 
These  estimates  compare  to  the  experimental  values:  Leq  =  67.6  dB  and  L^q  = 
70.2  dB. 

Figure  6-4  presents  the  SNAP  1.0  tabulated  traffic  noise  esti- 
mates for  the  Reference  Station.  The  SNAP  1.0  estimates  for  the  Reference 
Station  are:  Leq  =  76.38  dB  and  Liq  =  79.46  dB.  The  TABLE  1  estimates 
from  SNAP  are  used  to  compare  with  the  experimental  values  since  the 
reference  station  was  located  with  a  direct  line-of-sight  to  the  traffic. 


rTwo  digits  are  shown  for  SNAP  1.0  calculations,  quote  to  nearest  10th  dB. 
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J- 


Lane  # 
10 

9 
8 

7 

6 


All  Lanes  Infinite  Hm.  Elevation 


y,  metres 
-»  46.35 

-5  42.69 
-<  39.03 
h  35.37 


-J  31.71 


-$23.18 
n  19.52 

-J  15.86 


■4  12.20 
-J  8.54 


No  Scale 


x  Infinite  Barrier  @  3.66m  Elevation 


+  Station  01*  (0,  -6.8,  2.14)  (a=0.5  all  lanes) 
+  Reference   (0,  -13.11,  2.14)  (a=0.5  all  lanes) 


rNote 


TRAFFIC  FLOW  DATA 
Assumed  Uniform  for  Near  Lanes  and  Far  Lanes 

Near  Lanes  (#1  through  5):  Speed  85  km/h 

Vehicle  Count  Per  Lane 
Automobiles:  108  vehicles  per  10  min.  (648  per  hour) 
Heavy  Trucks:  13  vehicles  per  10  min.  (78  per  hour) 

Far  Lanes  (#6  through  10):  Speed  85  km/h 

Vehicle  Count  Per  Lane 
Automobiles:  108  vehicles  per  10  min.  (648  per  hour) 
Heavy  Trucks:  10  vehicles  per  10  min.  (60  per  hour) 

:  Station  01  location  is  reported  in  Reference  4  as  (0,  -6.10, 
2.14).  This  location  is  14.64  m  from  lane  #1  and  hence  SNAP  1.0 
will  not  execute  problem.  The  location  was  changed  to  allow 
execution  for  this  example.  See  Section  4.2. 


FIGURE  6-1.  EXAMPLE  PROBLEM  1:  SITE  GEOMETRY 
AND  TRAFFIC  FLOW  DATA 
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BASIC    INPUT    DATA 

OPTION    DATA 

TIME     INTLRVAL    FDR    LEQ    CALCUL AT  I ONS ( HR )       =  0.17 

EPSILON    FOR    BARRIER    (0=THIN, 1 ^BERM )  =  0.0 

CRITERION    FOR    PARALLEL  ISM (CEG )  =  1.00 

SOLRCE    HEIGHT    OF    VEHICLES    IN    METRES 

CARS  MEDIUM  HEAVY  OTHER 

TRUCKS  TRUCKS 

0.0  0.70  2.44 

NOISE    LEVEL-SPEED    COEFFICIENTS     (LO=A*B*LOC  >< S ) ) 


CARS 

MEDIUM 
TRUCKS 

HEAVY 
TRUCKS 

OTHER 

A           -2.43 

16.36 

38.48 

B            38.05 

33.91 

24.56 

COORDINATES    FOR    END 

POINTS 

(METRES) 

SEGMENT 

TYPE 

XI 

Yl 

Zl 

X2 

Y2 

72 

BARRIER 

-10CC.00 

CO 

3.66 

1000.00 

0.0 

3.66 

LANE    # 

1 

-1000.00 

6.54 

0.0 

1000.00 

8.54 

CO 

LANE    # 

2 

-1000.00 

12.20 

0.0 

1000.00 

12.20 

CO 

LANE    # 

3 

-1000.00 

15.86 

0.0 

1000.00 

15.86 

CO 

LANE    # 

4 

-1000.00 

19.52 

0.0 

1000.00 

19.52 

CO 

LANE    # 

5 

-1000.00 

23.18 

0.0 

1000.00 

23.18 

CO 

LANE    # 

6 

-1000.00 

31.71 

0.0 

1000.00 

31.71 

CO 

LANE    * 

7 

-1000.00 

35.37 

0.0 

1000.00 

35.37 

C.O 

LANE    # 

8 

-1000. CO 

39.03 

0.0 

1 COO. 00 

39.03 

CO 

LANE    # 

9 

-1000.00 

42.69 

0.0 

1  000 . 03 

42.69 

CO 

LANE    # 

10 

-1000.00 

46.35 

0.0 

1000.00 

46.35 

0.0 

FIGURE  6-3.  EXAMPLE  PROBLEM  1:  OUTPUT  TABULATIONS  FOR  STATION  01 
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TRAFFIC    VOLUME 
CARS  MEDIUM  HEAVV  OTHER 

TRUCKS  TRUCKS 

108                        0  13 

108                        0  13 

108                        0  13 

106                        0  13 

108                       0  13 

108                         0  10 

108                         0  10 

108                         0  10 

108                        0  10 

106                        0  10 

SOUND-LEVEL    ADJUSTMENT  PARAMETER 

LANE    *f               CARS               MEDIUM  HEAVY                 OTHER 

TRUCKS  TRUCKS 


NE    ft 

SPEEC 

(KM/H) 

1 

85.1 

2 

65.0 

3 

6  5.0 

4 

85.0 

«5 

65.0 

6 

85. C 

7 

65.0 

8 

65 .  C 

9 

85.  c 

10 

65.0 

1 

CO 

0.0 

0.0 

2 

0.0 

0.0 

0.0 

3 

o.c 

0.0 

0.0 

4 

0.0 

0.0 

O.C 

5 

0.0 

0.0 

0.0 

6 

O.C 

0.0 

0.0 

7 

o.c 

o.c 

0.0 

6 

0.0 

0.0 

0.0 

9 

0.0 

0.0 

0.0 

10 

O.C 

0.0 

0.0 

FIGURE  6-3.     EXAMPLE  PROBLEM  1:     OUTPUT  TABULATIONS  FOR  STATION  01     (Continued) 
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FHKA    HIGHWAY    TRAFFIC 

NOISE    PREDICTION    MODEL 

(SNAP    1.0) 

TABLE     1 

SOUND    LEVEL    CONTRIBUTIONS    AT    RECEIVER 
ALL    LANE    SEGMENTS 

(NO    BARRIER    ATTENUATION) 
SITE~0l:RUN-04 : FHWA-RD-76-54: STAT  ION    1 


OBSERVER    COORDINATES    (METRES) 

X  Y  7 

O.C                 -6.80  2.14 

LANE    #    ALPHA    SOUND    LEVEL       CARS  MEDIUM  HEAVY       OTHER       LANF 

METRIC  TRUCKS  TRUCKS  TOTALS 

1  0.50                LEG  65.28  0.0         70.97  72. CI 

L10  69.11  0.0         71. 58  73 .  *3 

2  0.50                LEG  63.91  0.0         69.60  70.64 

L1C  67.61  0.0         71.25  72. El 

3  0.50                 LEG  62.77  0.0         68.46  69.  fO 

L1C  66.36  0.0         70.79  72.12 

4  0.50                 LEG  61.80  0.0         67.49  68 .  ?3 

L10  65.2  7  0.0         70.27  71.47 

5  0.50                 LEG  60.96  0.0         66.64  67.  68 

L1C  64.32  0.0         69.75  70. F5 

6  0.50                 LEG  59.33  0.0         63.87  65.  IB 

L1C  62.48  0.0         66.95  68.28 

7  0.50                 LEG  58.73  0.0         63.23  64  .  c9 

L10  61.81  0.0         66.55  67. El 

8  0.50                 LEG  58.19  0.0  62.74  64  .  C4 

L1C  61.20  0.0         66.16  67.36 

9  0.50                 LEG  57.69  0.0         62.24  63.54 

L10  6C.63  0.0         65.79  66.  c4 

10            0.5C                 LEG  57.22  0.0  61.77  63. CE 

L1C  60.10  0.0  65.41  66.53 

VEHICLE                               LEG  71.42  CO         76.86  77.  S5 

TOTALS                                 LI  J  74.93  0.0  79.07  8  0. 4E 


FIGURE  6-3.  EXAMPLE  PROBLEM  1:  OUTPUT  TABULATIONS  FOR  STATION  01  (Continued) 
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FHWA  HIGHWAY  TRAFFIC 

NHISE  PREDICTION  MODEL 

(SNAP  1.0) 

TABLE  2 

SOUND    LEVEL    CONTRIBUTIONS    AT    RECEIVER 
ALL    LANE    SEGMENTS 

(WITH    BARRIER     ATTENUATION) 


SITE-0l:RUN-04:FHWA-RC-76-54:STATI0N    1 


OBSERVER    COORDINATES    (METRES) 
X  Y  Z 


0.0 


-6.80 


2.14 


LANE    # 

ALPHA 

SOUND    LEVEL      CARS 

MEDIUM 

HEAVY      OTHER 

LANE 

METRIC 

TRUCKS 

TRUCKS 

TOTALS 

1 

0.50 

LEQ 

53.23 

0.0 

62.40 

62.  SO 

L10 

56.54 

0.0 

64.25 

64.  S3 

2 

0.50 

LEO 

53.18 

0.0 

61.73 

62.20 

L1C 

56.42 

0.0 

64.04 

64.13 

3 

0.50 

LEO 

52.99 

0.0 

61.10 

61.73 

Lie 

56.16 

0.0 

63.72 

64.42 

4 

0.50 

LEO 

52.74 

0.0 

60.53 

61.20 

Lie 

55.85 

0.0 

63.35 

64.  C7 

5 

0.50 

LEC 

52.48 

0.0 

60.02 

60.  72 

L10 

55.52 

0.0 

62.99 

63.11 

6 

0.50 

LFO 

51  .84 

0.0 

57.84 

58.  El 

L10 

54.75 

0.0 

60.80 

61  .16 

7 

0.50 

LEC 

51.57 

0.0 

57.45 

58.45 

L10 

54.44 

0.0 

60.51 

61  .47 

8 

0.50 

LEO 

51  .31 

0.0 

57.10 

58.  11 

L10 

54.13 

0.0 

60.22 

61  .  17 

9 

0.50 

LEO 

51  .07 

0.0 

56.76 

5  7.  EO 

L10 

53.84 

0.0 

59.94 

60.  E9 

10 

0.50 

LEO 

50.83 

0.0 

56.44 

57.50 

L10 

53.56 

0.0 

59.67 

60.62 

VEHICLE 

LEO 

62.21 

0.0 

69.66 

70.26 

TOTALS 

L10 

65.25 

0.0 

72.30 

73.C8 

FIGURE  6-3. 

EXAMPLE 

PROBLEM  1 :     OUTPUT  TAB 

ULATIONS 

FOR  STATION  01    < 

'Continue 
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FHWA    HIGHWAY    TRAFFIC 

NOISE    PREDICTION    MODEL 

(SNAP    1 .01 

TABLE    3 

BARRIER  FIELD  INSERTION  LOSS 


SITf-01:RUN-04:FHWA-RC-76-54:  STATION  1 


OBSERVE R 
X 

0 . 0 


COORDINATES 
Y 

-6.80 


(METRES) 
Z 

2.14 


LANE    # 

ALPHA 

SOUND    LEVEL 

CARS 

MEDIUM 

HEAVY      OTHER 

LANF 

METRIC 

TRUCKS 

TRUCKS 

TOTALS 

1 

0.50 

LEG 

12.06 

0.0 

8.57 

9.  11 

L1C 

12.57 

0.0 

7.32 

8  .  60 

2 

0.50 

LEG 

10.73 

0.0 

7.87 

8.  34 

L1C 

11  .19 

0.0 

7.21 

8.C8 

3 

0.50 

LEG 

9.78 

0.0 

7.36 

7.  n 

L10 

10.19 

0.0 

7.07 

7.71 

4 

0.5C 

LEG 

9.06 

0.0 

6.96 

7.23 

L10 

9.42 

0.0 

6.92 

7 .  40 

5 

0.5C 

LEG 

8.48 

0.0 

6.63 

6.^6 

L10 

8.81 

0.0 

6.76 

7.  14 

6 

0.50 

LEG 

7.49 

0.0 

6.03 

6.27 

L10 

7.73 

0.0 

6.15 

6.51 

7 

0.50 

LEG 

7.16 

0.0 

5.83 

6.  14 

L10 

7.38 

0.0 

6.05 

6.24 

6 

0.50 

LEG 

6.88 

0.0 

5.64 

5  .  *3 

L10 

7.07 

0.0 

5.94 

6.  19 

9 

0.50 

LEG 

6.62 

0.0 

5.48 

5.15 

Lit 

6.79 

0.0 

5.84 

6.C4 

10 

0.50 

LEG 

6.39 

0.0 

5.32 

5.5E 

L10 

6.54 

0.0 

5.73 

5.^1 

VEHICLE 

LEG 

9.21 

0.0 

7. 2D 

7.57 

TOTALS 

L10 

9.68 

0.0 

6.76 

7.  4C 

FIGURE  6-3.  EXAMPLE  PROBLEM  1:  OUTPUT  TABULATIONS  FOR  STATION  01  (Concluded) 
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FHWA    HIGHWAY    TRAFFIC 

NOISE    PREDICTION    MODEL 

(SNAP     1.0) 

TABLE    1 

SOUND  LEVEL  CONTRIBUTIONS  AT  RECEIVER 
ALL  LANE  SEGMENTS 

(NO  CARRIER  ATTENUATION) 


SITE-0l:RUN-G4  :FHWA-RC-76-5  4 : REFERENCE 


OBSERVER    COORDINATES    (METRES) 

X  Y  2 

0.0  -13.11  2.14 

LANE    #    ALPHA    SOUND    LEVEL      CARS  MEDIUM  HEAVY      OTHER       LANE 

METRIC  TRUCKS  TRUCKS  TOTALS 

1  0.5C                 LEG  63.07  0.0  68.75  69.19 

L1C  66.68  0.0  70.92  72.21 

2  0.5C                 LEG  62.06  0.0  67.74  68.18 

L10  65.56  0.0  70.42  71.65 

3  0.50                 LEG  61.18  0.0  66.87  67. SO 

L1C  64.57  0.0  69.90  71  .  CI 

4  0.50                 LEG  60.41  0.0  66.09  67.13 

L1C  63.70  0.0  69.38  70.42 

5  0.50                  LEG  59.71  CO  65.40  66.44 

L10  62.92  0.0  68.87  69.65 

6  0.50                 LEG  58.34  0.0  62.83  64.19 

LlO  61.36  0.0  66.27  67.46 

7  0.50                 LEG  57.82  CO  62.37  63.68 

LlO  60.78  0.0  65.69  67. C5 

8  0.5C                 LEG  57.35  0.0  61.89  63.20 

LlO  60.24  0.0  65.51  66.64 

9  0.*C                 LEG  56.90  0.0  61.45  62.16 

LlO  59.74  0.0  65.15  66.24 

10            0.50                 LEC  56.49  CO  61.03  62.24 

LlO  59.27  0.0  64.79  65.67 

VEHICLE                              LEC  69.89  CO  75.23  76.26 

TOTALS                                 LlO  73.19  0.0  78.29  79.46 


FIGURE  6-4.     EXAMPLE  PROBLEM  1 :     OUTPUT  TABULATIONS  FOR  REFERENCE  STATION 
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FHWA  HIGHWAY  TRAFFIC 

NTISE    PREDICTION   MODEL 

(SNAP    1.0) 

TABLE    2 

SOUND  LEVEL  CONTRIBUTIONS  AT  RECEIVER 
ALL  LANE  SEGMENTS 

(WITH  BARRIER  ATTENUATION) 


SlTF-01:RUN-04:FHWA-RP-76-5  4:  REFERENCE 


OBSERVER  COORDINATES  (METRES) 
X  Y  Z 


0.(J 


-13.11 


2.14 


LANE  #  ALPHA 


SOUND  LLVEL   CARS 
METRIC 


MEDIUM  HEAVY 
TRUCKS  TRUCKS 


OTHER 


LANE 
TOTALS 


0.50 


0.50 


0.50 


0.50 


0.5  0 


0.5C 


10 

VEHICLE 
TOTALS 


LFC 
L10 
LEO 
LIO 
LFC 
L1C 
LEO 
LIO 
LEG 
LIO 
LEG 
L1C 
LEG 
LIO 
LEG 
LIO 
LEG 
L1C 
LEG 
LIO 
LEG 
LIO 


51  .82 
55.02 
52.16 
55.28 
52.27 
55.33 
52.26 
55.26 
52.18 
55.12 
51  .87 
54.70 
51.72 
54.50 
51.55 
54  .30 
51  .38 
54  .09 
51.22 
53.89 
61  .86 
64.78 


0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
CO 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 


61.84 
1 4 .  39 
61.52 
64.29 
61.13 
64.07 
60.74 
63.80 
60.36 
63.51 
58.42 
61.52 
58.10 
61.27 
57.80 
61.02 
57.52 
6  0.73 
57.25 
60.54 
69.80 
72.73 


62 
64 
61 
64 
61 
64 
61 
64 
6C 
64 
59 
62 
59 
62 
58 
61 
58 
61 
58 
61 
70 
73 


85 

*59 
€0 
£6 
tl 
22 
27 

*e 

10 
28 
34 
CO 
1C 
73 
F6 
47 
62 
22 
29 
45 
42 


FIGURE  6-4.  EXAMPLE  PROBLEM  1:  OUTPUT  TABULATIONS  FOR  REFERENCE  STATION  (Continued) 
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FHWA    HIGHWAY    TRAFFIC 

NOISE    PREDICTION    MODEL 

(SNAP    1.0) 

TABLE    3 

BARRIER  FIELD  INSERTION  LOSS 


SI  TE-0l:RUN-04:FHWA-RD-76-54: REFERENCE 


OBSERVER  COORDINATES  (METRES) 
X  Y  7 


0.0 


-13.11 


2.14 


LANE    # 

ALPHA 

SOUND    LEVEL 

CARS 

MEDIUM 

HEAVY      OTHER 

LANE 

METRIC 

TRUCKS 

TRUCKS 

TOTALS 

1 

0.50 

LEC 

11.25 

0.0 

6.92 

7.54 

L1C 

11.67 

0.0 

6.54 

7.  46 

2 

O.bO 

LEC 

9.90 

0.0 

6.23 

6.79 

L10 

10.27 

0.0 

6.13 

6.64 

3 

0.50 

LEG 

8.91 

0.0 

5.74 

6.24 

L10 

9.25 

0.0 

5.83 

6.«0 

4 

0.50 

LEO 

8.15 

0.0 

5.35 

5.82 

L1C 

6.45 

0.0 

5.53 

6.C5 

5 

0.50 

LEO 

7.53 

0.0 

5.04 

5.46 

L10 

7.80 

0.0 

5.36 

5.16 

6 

0.50 

LEO 

6.46 

0.0 

4.47 

4.  SI 

L1C 

6.66 

0.0 

4.75 

5.  14 

7 

0.50 

LEC 

6.11 

0.0 

4.27 

4.t8 

L10 

6.28 

0.0 

4.62 

4.S6 

8 

0.50 

LEO 

5.80 

0.0 

4.09 

4.48 

L10 

5.95 

0.0 

4.49 

4.78 

9 

0.50 

LEO 

5.52 

0.0 

3.93 

4.29 

L1C 

5.65 

0.0 

4.37 

4.63 

10 

0.50 

LEO 

5.27 

0.0 

3.73 

4.  12 

Lie 

5.38 

0.0 

4.26 

4.  48 

VEHICLE 

LEG 

8.03 

0.0 

5.43 

5.  S3 

TOTALS 

L10 

8.41 

0-0 

5.51 

6.C4 

FIGURE  6-4.  EXAMPLE  PROBLEM  1:  OUTPUT  TABULATIONS  FOR  REFERENCE  STATION  (Concluded) 
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The  experimental  values  quoted  in  Reference  4  are:  Leq  =  75.9  and  l_io  = 
78.8  dB.  The  differences  between  the  SNAP  1.0  predictions  and  the  experi- 
mental values  of  Reference  6  for  SITE  01,  RUN  4  are: 

Receiver  (l-eq)SNAP  -  (Leq)Ref(6)   (L10)SNAP  -  (L10)Ref(6) 

Refutation  (Table  1)        0.48  0.66 

Station  01  (Table  2)        2.78  2.88 

The  usefulness  of  the  results  of  Figures  6-3  and  6-4  is  to  evaluate  the 
contribution  to  the  receiver  total  sound  level  from  each  vehicle  type 
on  each  lane.  The  numbers  in  the  column  labeled  "LANE  TOTALS"  are  the 
contribution  of  all  vehicles  on  each  lane  to  the  total  receiver  sound 
level.  The  last  two  rows  labeled  "VEHICLE  TOTALS"  are  the  contributions 
to  the  receiver  sound  level  (Leq  and  L^q)  f°r  a^  lanes  for  the  given  ve- 
hicle type.  The  last  two  numbers  in  the  "LANE  TOTALS"  column  (inter- 
section with  "VEHICLE  TOTALS"  row)  represent  the  predicted  total  receiver 
sound  level  metrics  Leq  and  L^q* 

6.2      Example  Problem  2:  Complete  Tabulated  Output 

This  example  problem  presents  the  interpretation  of  the  com- 
plete tabulated  output  provided  by  SNAP  1.0  at  the  user's  option  (NOP 
=  0).  Also,  the  example  illustrates  how  the  user  may  simulate  excess 
distance  attenuation  for  various  sections  of  the  site  as  viewed  by  the 
receiver.  The  traffic  flow  is  modeled  using  all  vehicle  types  recognized 
by  SNAP  1.0  and  defines  a  "motorcycle"  as  the  user-defined  vehicle.  A 
single  receiver  location  is  simulated  in  order  to  emphasize  the  calculated 
results.  SNAP  1.0  provides  a  maximum  of  eight  tabulations  (one  per  page)  for 
each  receiver. 

Figure  6-5  represents  the  problem  definition  in  terms  of  site 
characteristics.  A  single  infinite  straight  roadway  carries  the  traffic 
flow  indicated  in  Figure  6-5.  For  discussion,  the  location  of  the  road- 
way may  be  assumed  to  be  an  "equivalent"  lane  approximation  of  a  two  lane 
road(l).  The  roadway  elevation  is  taken  as  the  reference  (z  =  0)  horizontal 
plane.  The  proposed  berm  location  and  elevation  is  indicated.  The  re- 
ceiver location  is  placed  so  that  the  receiver  "sees"  the  roadway  as 
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partially  blocked  by  trees  on  the  left  and  "clear"  on  the  right.  To  simu- 
late this  situation,  the  single  straight  equivalent  lane  is  considered 
to  be  two  connected  lanes  each  with  a  different  "Alpha"  value  relative  to 
the  receiver.  The  input  data  are  illustrated  in  Figure  6-6. 

As  requested,  SNAP  1.0  calculates  and  prints  nine  tables.  The 
first  table  lists  the  program  input  data.  SNAP  1.0  prints  the  input  data 
only  once  for  each  defined  lane/barrier  configuration.  Following  the  input 
data  tabulation,  SNAP  1.0  prints  the  eight  requested  (NOP  =  0)  tables 
of  traffic  noise  estimates.  If  more  than  one  receiver  location  is  used, 
the  eight  tables  are  printed  for  each  receiver. 

Figure  6-7  illustrates  the  output  tabulation  of  the  input  data. 
Figures  6-8  through  6-15  are  the  eight  standard  tabulations  (problems) 
calculated  by  SNAP  1.0  for  each  roadway-receiver  combination.  With  the 
tabulation  in  each  figure  is  a  sketch  illustrating  the  site  configuration 
for  estimating  receiver  sound  level  contributions. 

The  standard  tabulated  output  provided  by  SNAP  1.0  is  as  follows: 

TABLE  1    Receiver  Sound  Level  Contributions  without 
(Fig.  6-8)  the  Barrier  (This  table  is  always  printed). 

TABLE  2    Receiver  Sound  Level  Contributions  with  the 
(Fig.  6-9)  Barrier  (This  table  is  printed  if  a  barrier 
is  defined). 

TABLE  3    Barrier  Field  Insertion  Loss  (Table  1  values 
(Fig.  6-10)  less  Table  2  values.  This  table  is  printed 
if  a  barrier  is  defined). 

The  following  tables  are  printed  if  the  user  specifies  NOP  =  0  and  defines 
a  barrier: 

TABLE  4    Receiver  Sound  Level  Contributions  from  Lane 
(Fig.  6-11)  Segments  Potentially  Shielded  by  the  Barrier. 
(These  levels  are  the  vehicle/lane  contri- 
butions  from  the  lane  segments  that  will  be 
shielded  by  the  defined  barrier.  No  barrier 
attenuation  is  considered.) 

TABLE  5    Receiver  Sound  Level  Contributions  from  Lane 
(Fig.  6-12)  Segments  Shielded  by  the  Barrier.  (These 

levels  are  the  vehicle/lane  contributions  from 
the  lane  segments  shielded  by  the  barrier.) 
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BASIC  INPUT  DATA 

OPTION  DATA 

TIME    INTERVAL   FOR    LEQ    C ALCUL ATIONS (HR)        =  1.00 

EPSILCN    FOE    BARRIER     (0=THIN ,  1=EERM)  =  1.00 

CRITERION    FOR    P ARALL ELISM  (DEG)  =  1.C0 

SCORCE    HEIGHT    OF    VEHICLES    IN    METRES 

CARS  MEDIUM  HEAVY  OTHER 

TRUCKS  TRUCKS 

0.0  0.70  2.44  0.0 

NOISE    LEVEL-SPEED    COEFFICIENTS     (L0=A* B+LOG  (S) ) 


CARS 

MEDIUM 
TRUCKS 

HEAVY 
TBCCKS 

OTHER 

A 

-2.43 

16.36 

3e.48 

27.  41 

B 

38.05 

33.91 

2a.c6 

25. FO 

CCORDINATES    FOR    END    PC1NTS     (METRES) 
SEGMENT    TYPE  X 1  Y1  21  X2  Y2  Z2 


EAFRIER 

-25.00 

0.0 

3.00 

25.00 

0.0 

3.00 

LANE    # 

1 

-1000,00 

10.00 

0.0 

0.0 

10.00 

0.0 

LANE    f 

2 

0.0 

10.00 

0.0 

1000.00 

10  .00 

0.0 

ANE    # 

SPEED 

TRAFFIC    VCLUflE 

(KM/H) 

CAfiS 

MEDIUM            HEAVY 
TRUCKS            TRUCKS 

C1H 

1 

72.4 

3600 

200                    160 

<10 

2 

72. 4 

3600 

2C0                    160 

no 

SOUND-LEVEL    ADJUSTMENT    PARAMETEI 
LANE    #  CARS  MEDIUM  HEAVY  OTHER 

TRUCKS  TRUCKS 


1 

0.0 

0.0 

0.0 

0.0 

2 

0.0 

0.0 

0.0 

0.0 

FIGURE  6-7.  EXAMPLE  PROBLEM  2:   INPUT  DATA  TABULATION 
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LANE  (SOURCE) 


RECEIVER 


FHWA    HIGHWAY    TR/FFIC 

NOISF    PREDICTION    MOOEL 

(SNAP    1.0) 

TAPLF    1 

SOUND  LEVEL  CONTRIBUTIONS  AT  RECEIVER 
ALL  LANF  SEGMENTS 

(NO  PARRIFR  ATTENUATION) 


RECFIVFR  SHIELPFD  ON  THE  LEFT  BY  TREES 


OBSERVER  COORDINATES  (METRES) 
X  Y  Z 


-15.00 


-15.00 


1.50 


LANE         ALPHA    SOUNO    LEVEL 
NUMBER  METRIC 


1           0.67 

LEO 

L10 

2           0.50 

LEO 

L10 

VEHICLE 

LEO 

TOTALS 

L10 

AUTOS 

MEDIUM 

HEAVY 

OTHER 

LANE 

TRUCKS 

TRUCKS 

TOTALS 

65.64 

64.18 

67.94 

52.60 

71.04 

67.61 

6B.16 

71.88 

53.06 

74.47 

62.12 

60.66 

64.42 

49.08 

67.51 

64.0*5 

64.64 

68.36 

49.54 

70.94 

67.24 

65.78 

69.54 

54.20 

72.63 

69.21 

69.76 

73.48 

54.66 

76.06 

FIGURE  6-8.     EXAMPLE  PROBLEM  2:     TABLE  1   OUTPUT 
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LANE   (SOURCE) 


BARRIER 


"^V       *@- 


-0-*^  RECEIVER 


FHWA    HIGHWAY    TRAFFIC 

NOISF    PREDICTION    MODEL 

(SNAP    1.0) 

TAPLE    2 

SOUND  LEVEL  CONTRIBUTIONS  AT  RECEIVER 
ALL  LANE  SEGMENTS 

(KITH  BARRIER  ATTENUATION) 


PECEIVFR  SHIELDED  ON  THE  LEFT  BY  TREES 


OBSERVER  COORDINATES  (METRES) 
X  Y  Z 


-15.00 


-15.00 


1.50 


LANE         ALPHA    SOUND    LEVEL      AUTOS    MEDIUM   HEAVY      OTHER      LANE 
NUMBER  METRIC  TRUCKS   TRUCKS  TOTALS 


1     0.67 

LEO 

61.14 

59.77  64.10 

48.10 

66.89 

L10 

63.1? 

63.72  67.95 

48.64 

70.30 

2     0.50 

LEO 

56.02 

54.79  59.66 

42.98 

62.17 

L10 

58.01 

58.67  63.41 

43.66 

65.54 

VEHICLE 

LEQ 

62.31 

60.97  65.44 

49.27 

68.15 

TOTALS 

L10 

64.29 

64.90  69.26 

49.84 

71.55 

FIGURE  6-9.      EXAMPLE  PROBLEM  2:     TABLE  2  OUTPUT 


55 


LANE  [SOURCE] 


BARRIER 


RECEIVER 


FMWA    HIGHWAY    TPAFFIC 

NOISF  PREDICTION  MODEL 

(SNAP  1.0) 

TABLE  3 

BARRIER  FIELD  INSERTION  LOSS 


RFCF1VER  SHIFLDFD  ON  THF  LEFT  BY  TREES 


OBSERVER  COORDINATES  (METRES) 
X  Y  Z 


-15.00 


-15,00 


1.50 


LANE         ALPHA    SOUND    LEVEL      AUTOS    MEDIUM    HEAVY      OTHER      LANE 
NUMBER  MFTRIC  TRUCKS   TRUCKS  TOTALS 


1     0.67 

LEG 

A. 50 

4.41 

3.84 

4.50 

4.15 

L10 

4.49 

4.45 

3.94 

4.43 

4.17 

2     0.50 

LEO 

6.10 

5.86 

4.76 

6.10 

5.35 

L10 

6. OP 

5.97 

4.96 

5.88 

5.40 

VEHICLE 

LEO 

4.93 

4.81 

4.10 

4.93 

4.48 

TOTALS 

L10 

4.92 

4.e6 

4.23 

4.83 

4.51 

FIGURE  6-10.      EXAMPLE  PROBLEM  2:      TABLE  3  OUTPUT 
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SHIELDED  LANE   (SOURCE) 


NO  BARRIER) 


RECEIVER 


FHWA    HIGHWAY    TRAFFIC 

NOISE    PREDICTION    MODEL 

(SNAP    1.0) 

TAPLE    4 

SOUND  LEVEL  CONTRIBUTIONS  AT  RECEIVER 
ALL  LANE  SEGMENTS 

LANE  SFGMENTS  SHIELDED  BY  BARRIER 
(NO  BARRIER  ATTENUATION) 


RECEIVER  SHIELDED  ON  THE  LEFT  BY  TREES 


OBSERVER 

COORDINATES  (METRES) 

X 

Y 

Z 

-15.00 

- 

15.00 

1.50 

LANE    ALPHA 

SOUND  LEVEL 

AUTOS 

MEDIUM  HEAVY 

OTHER 

LANE 

NUMBER 

METRIC 

TRUCKS  TRUCKS 

TOTALS 

1     0.67 

LEQ 

63.85 

62.39  66.15 

50.81 

69.24 

L10 

65.82 

66.37  70.09 

51.27 

72.67 

2     0.50 

LEQ 

61.09 

59.63  63.39 

48.05 

66.48 

L10 

63.06 

63.61  67.33 

48.51 

69.91 

VEHICLE 

LEO 

65.70 

64.23  68.00 

52.65 

71.09 

TOTALS 

L10 

67.67 

68.22  71. 94 

53.12 

74.52 

FIGURE  6-11.  EXAMPLE  PROBLEM  2:  TABLE  4  OUTPUT 
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SHIELDED  LANE  (SOURCE) 


RECEIVER 


FHWA  HICHKAY  TRAFFIC 

NOISE  PREDICTION  MODEL 

(SNAP  1.0) 

TABLE  5 

SOUND  LFVEL  CONTRIBUTIONS  AT  RECEIVER 
ALL  LAKE  SEGMFNTS 

LANE  SFGMENTS  SHIELDED  BY  BARRIER 
(WITH  BARRIER  ATTFNUATION) 


RECEIVFR  SHIELDED  ON  THE  LEFT  BY  TREES 


OBSERVER  COORDINATES  (METRES) 
X         Y         Z 


-15.00 

15.00 

1.50 

LANE 

ALPHA 

SOUND  LEVEL 

AUTOS 

MEDIUM  HEAVY 

OTHER 

LANE 

NUMBER 

METRIC 

TRUCKS  TRUCKS 

TOTALS 

1 

0.67 

LEO 

47.90 

47.99  56.69 

34.85 

57.74 

L10 

49.99 

51.39  60.07 

36.64 

61.00 

2 

0.50 

LEO 

47.54 

'<7.51  55.34 

34.50 

56.61 

L10 

49.63 

50.91  58.72 

36.29 

59.85 

VEHICLE 

LEO 

50.73 

50.77  59.08 

37.69 

60.22 

TOTALS 

L10 

52.82 

54.17  62.46 

39.48 

63.47 

FIGURE  6-12.  EXAMPLE  PROBLEM  2:  TABLE  5  OUTPUT 
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SHIELDED  LANE  CSQURCE) 


Carrier 


RECEIVER 


FHWA  HIGHWAY  TRAFFIC 

NOISE  PREDICTION  MODEL 

(SNAP  1.0) 

TAPLE  6 

SOUND  LEVEL  CONTRIBUTIONS  AT  RECEIVER 
ALL  LANE  SEGMENTS 

MAXIMUM  BARRIER  FIELD  INSERTION  LOSS 


RECEIVER  SHIELDED  ON  THE  LEFT  BY  TREES 


OBSERVER  COORDINATES  (METRES) 
X  Y  Z 


-15.00 


-15.00 


1.50 


LANE         ALPHA    SOUND    LEVEL 
NUMBER  METRIC 


AUTOS    MEDIUM    HEAVY      OTHER      LANE 

TRUCKS    TRUCKS  TOTALS 


1     0.67 

LEO 

L10 

2     0.50 

LEO 

L10 

VEHICLE 

LEO 

TOTALS 

L10 

15.96      14.40      9.46      15.96 


15.84 
13.55 
13.43 
14.96 
14.84 


14.98 
12.12 
12.70 
13.47 
14.05 


10.02 
8.05 
8.61 
8.92 
9.48 


14.63 
13.55 
12.22 
14.96 
13.64 


11.50 
11.68 
9.87 
10.07 
10.87 
11.05 


FIGURE  6-13.  EXAMPLE  PROBLEM  2:  TABLE  6  OUTPUT 
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LANE  [SOURCE] 


'BARRIER 


^^O  RECEIVER 


FHWA    HIGHWAY    TRAFFIC 

NCISF    PREDICTION    MODEL 

(SNAP    1.0) 

TAPLE    7 

SOUND  LEVEL  CONTRIBUTIONS  AT  RECFIVER 
ALL  LANf  SFGMFNTS 

UNSHIFLDED  LANF  SEGMENTS:  LEFT  OF  BARRIER 


RECEIVER  SHIELDFO  ON  THE  LEFT  BY  TREES 


OBSERVER  COORDINATES  (METRES) 
X  Y  Z 


-15.00 


-15.00 


1.50 


LANE         ALPHA    SOUND    LEVEL      AUTOS    MFDIUM   HEAVY      OTHER      LANE 
NUMBER  METRIC  TRUCKS   TRUCKS  TOTALS 


1     0.67 

LEQ 

60.93 

59.  47 

63.23 

47.89 

66.33 

L10 

62.90 

63.45 

67.17 

48.35 

69.76 

2     0.50 

LEQ 

0.0 

0.0 

0.0 

0.0 

0.0 

L10 

0.0 

0.0 

0.0 

0.0 

0.0 

VEHICLE 

LEO 

60.93 

59.47 

63.23 

47.89 

66.33 

TOTALS 

L10 

62.90 

63.45 

67.17 

48.35 

69.76 

FIGURE  6-14.      EXAMPLE  PROBLEM  2:     TABLE  7  OUTPUT 
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LANE   (SOURCE) 


RECEIVERQf^ 


FHWA    HIGHWAY    TRAFFIC 

NOISE    PREDICTION    MODEL 

(SNAP    1.0) 

TABLE    8 

SOUND  LEVEL  CONTRIPUT IONS  AT  RECEIVER 
ALL  LANE  SEGMENTS 

UNSHIELDED  LANE  SEGMENTS*  RIGHT  OF  BARR1FR 


RECEIVER  SHIELDED  ON  THE  LEFT  BY  TREES 


OBSERVER  CPOPOINATES  (METRES) 
X  Y  Z 


-15.00 


-15.00 


1.50 


LANE         ALPHA    SOUND    LEVEL      AUTOS    MEDIUM   HEAVY      OTHER      LANE 
NUMBER  METRIC  TRUCKS    TRUCKS  TOTALS 


1           0.67 

LEO 

0.0 

0.0 

0.0 

0.0 

0.0 

L10 

0.0 

0.0 

0.0 

0.0 

0.0 

2           0.50 

LEO 

55.36 

53.89 

57.66 

42.31 

60.75 

L10 

57.33 

57. P8 

61.60 

42.78 

64.18 

VEHICLE 

LEO 

55.36 

53.89 

57.66 

42.31 

60.75 

TOTALS 

L10 

57.33 

57.88 

61.60 

42.78 

64. ie 

FIGURE  6-15.      EXAMPLE  PROBLEM  2:     TABLE  8  OUTPUT 
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TABLE  6    Maximum  Barrier  Field  Insertion  Loss  (Table  4 
(Fig.  6-13)  values  less  Table  5  values.  This  table  repre- 
sents the  maximum  barrier  field  insertion  loss 
for  the  barrier  height  defined  for  the  prob- 
lem. 


TABLE  7    Receiver  Sound  Level  Contribution  from 
(Fig.  6-14)  Unshielded  Segments  to  the  Left  of  the 

Barrier.  (The  term  "left"  denotes  the  receiv- 
er's  left  hand  side  when  facing  the  road- 
way/barrier system-lane  end  point  #1.) 

TABLE  8    Receiver  Sound  Level  Contributions  from 
(Fig.  6-15)  Unshielded  Lane  Segments  to  the  Right  of  the 
Barrier.  (Ther  term  "right"  denotes  the 
receiver's  right  hand  side  when  facing  the 
roadway  system-lane  end  point  #2.) 

The  interpretation  of  these  tables  is  rather  simple.  TABLE 
1  represents  the  estimated  receiver  sound  levels  for  the  site  without 
a  barrier.  TABLE  2  represents  the  estimated  receiver  sound  levels  for 
the  site  with  the  barrier.  TABLE  3  is  the  estimated  "field  insertion  loss" 
of  the  barrier,  i.e.,  the  dB  reduction  in  traffic  noise  for  the  roadway- 
barrier  system. 

TABLE  4  is  the  result  analogous  to  TABLE  1,  but  SNAP  1.0  considers 
only  subsegments  of  the  defined  lanes  that  are  "shielded"  by  the  barrier 
and  excludes  barrier  attenuation.  Shielding  is  considered  to  be  portions 
of  lanes  inside  the  area  defined  in  the  x-y  plane  by  radial  lines  extend- 
ing from  the  receiver  through  each  (x,y)  end  point  of  the  barrier.  For 
an  "infinite"  length  barrier,  TABLE  4  will  be  identical  to  TABLE  1. 

TABLE  5  is  the  result  analogous  to  TABLE  2,  but  SNAP  1.0  considers 
only  subsegments  of  the  defined  lanes  that  are  "shielded"  by  the  barrier 
and  includes  barrier  attenuation.  For  an  "infinite"  length  barrier, 
TABLE  5  will  be  identical  to  TABLE  2. 

TABLE  6  is  the  maximum  barrier  field  insertion  loss  and  is  a 
measure  of  the  barrier  height  effectiveness  for  traffic  noise  abatement. 
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Since  TABLES  4  through  6  consider  only  lane  segments  poten- 
tially shielded  in  the  horizontal  plane  and  identify  receiver  sound  level 
contributions  by  lane  and  vehicle  type,  these  results  evaluate  barrier 
noise   abatement    performance   by   barrier  height   for  a   fixed   barrier   length. 

TABLE  7  is  the  estimated  receiver  sound  level  contribution 
for  unshielded  lane  segments  to  the  receiver's  "left"  when  facing  the 
roadway-barrier  system.  Extending  the  barrier  to  the  receiver's  left 
will  decrease  these  levels  if  the  barrier  height  provides  sufficient 
attenuation. 

TABLE  8  is  the  estimated  receiver  sound  level  contribution  for 
unshielded  lane  segments  to  the  receiver's  "right"  when  facing  the  roadway- 
barrier  system.  Extending  the  barrier  to  the  receiver's  right  will  decrease 
those  levels  if  the  barrier  height  provides  sufficient  attenuation. 

The  user  must  always  remember  that  for  barrier  diffraction 
SNAP  1.0  assumes  that  noise  propagation  in  the  "shielded"  zone  is  taken 
as  a  "hard"  site.  That  is,  SNAP  1.0  considers  a  =  0  for  diffraction 
calculations  (See  Appendix  A. 2).  The  estimates  printed  in  TABLES  1, 
4,  7,  and  8  use  the  alpha  values  specified,  by  the  input  for  each  receiver- 
lane  combination.  The  estimates  in  TABLE  5  assume  a  =  0.  The  TABLE  2 
results  consider,  as  appropriate,  the  input  values  of  alpha  for  unshielded 
lane  segments  and  zero  alpha  values  for  the  shielded  lane  segments. 
TABLES  3  and  6  represent  the  combined  effect  of  barrier  attenuation  and 
replacing  "soft"  site  attenuation  with  "hard"  site  attenuation. 

6.3  Example  Problem  3:     Vehicle  Sound  Level  Adjustments 

This  example  problem  presents  the  use  of  the  vehicle  sound 
level  adjustment  option  using  SNAP  1.0.  The  example  problem  illustrates 
the  adjustments  required  to  account  for  increased  vehicle  noise  emissions 
resulting  from  traffic  flowing  upgrade.  Figure  6-16  illustrates  the  site 
geometry  and  traffic  flow  data  for  the  example  problem. 


63 


o 


•    t 


o 
o 
o 


o 

ft 

o 


o 
o 
o 


co 


2       S 

o     o 


I 


cvj 

CD 

c 


o 


o 
o 
o 


t 


Q 

<c 

CD 


CO 

+ 


18 


to 
o 

$- 


I/) 

o 

3 
s- 


•a: 
o 


3 


o 

I 

o 


(1) 

c 

A3 


00 

o> 

0) 


S- 
CD 


CO 

ft 

o 

o 
o 


>> 

>> 

> 

> 

to 

(O 

<u 

CD 

JZ 

JC 

CD 

LO 

LO 

•n- 

•"" 

>— 

in 

« 

#1 

CD 

• 

• 

-C 

s- 

S- 

+J 

.sz 

jC 

-^ 

^, 

c«- 

10 

to 

o 

^ 

J^ 

u 

o 

CD 

3 

3 

c 

S- 

i- 

<a 

•4-> 

4J 

Ql 

E 

E 

3 

3 

CD 

•i— 

■r- 

s: 

-o 

T3 

-p 

s_ 

CD 

CD 

<u 

E 

E 

c 

> 

•r- 

•r" 

o 

o 

o> 

C\J 

CVJ 

<D 

o 

J- 

CD 

a 

ft 

<Q 

o; 

• 

• 

S- 

s- 

to 

jC 

-C 

CD 

— 

-^ 

+J 

10 

to 

r0 

s- 

S- 

C 

<o 

<o 

•r" 

u 

u 

o 

o 

o 

LO 

LO 

o 

10 

to 

O 

•  •* 

•  ft 

+J 

r— 

CM 

c 

=8= 

=tte 

"P" 

o 

CD 

CD 

Q. 

C 

C 

"O 

(O 

rtJ 

C 

_l 

_1 

LU 

CO 

Ul 

+■> 

1— 

re 

O 

Q 

■z. 

3 

o 

p— 

o 

z 
<c 

>- 
cc 

I— 

LU 

o 

LU 
CS 

LU 

r- 
t— i 

oo 

CO 


CO 
O 

O- 

LU 


X 


to 


I 
to 


LU 


CD 


o 

ft 

o 


o 
o 
o 


64 


Since  SNAP  1.0  applies  for  essentially  flat  sites,  the  site 
geometry  used  as  input  data  must  be  expressed  relative  to  the  plane  of 
the  site.  As  indicated  in  Figure  6-16,  the  two  lanes  and  the  top  edge 
of  the  berm  are  at  a  constant  elevation  with  the  notation  that  the  site 
slopes  upward  at  a  3  percent  grade  in  the  positive  x  direction.  For  this 
problem,  the  near  lane  is  the  "upgrade"  lane  for  which  the  sound  level 
adjustments  apply. 

The  discussion  in  Section  2.4  of  this  manual  indicates  that 

a  +3  percent  grade  would  result  in  a  +2  dB  sound  level  adjustment  for 

heavy  trucks  (Reference  4  data).   Hence,  this  adjustment  is  applied  only 
for  the  heavy  truck  traffic  on  the  near  lane  (lane  No.  1). 

Figure  6-17  presents  the  input  data  for  the  problem.  Only  the 
standard  output  tabulations  (TABLES  1  through  3)  are  desired  (NOP  =  1). 
Figure  6-18  presents  the  output  tabulations  for  the  example  problem.  As 
indicated  in  the  basic  input  data  tabulation,  the  2  dB  sound  level  increase 
was  applied  only  to  heavy  trucks  on  lane  #1.  The  receiver  hourly  Leq  ex- 
posure is  estimated  to  be  69.7  dB  without  the  berm  (TABLE  1  estimate). 
TABLE  2  estimates  are  for  the  site  with  the  berm  and  indicate  an  hourly 
Leq  exposure  of  59.2  dB.  TABLE  3  indicates  that  the  barrier  field  insertion 
loss  is  10.6  dB. 

The  example  problem  was  also  executed  by  considering  the  far  lane 
to  be  the  upgrade  lane  and  the  near  lane  to  be  downgrade  and  the  site  to  be 
flat,  i.e.,  no  sound  level  adjustments.  For  these  different  conditions,  the 
hourly  Leq  estimates  are: 


Site  Condition 
Near  Lane  Upgrade 
Far  Lane  Upgrade 
Flat  Site 


Hence,  the  effect  of  a  3  percent  grade  upon  the  sound  level  estimates 
for  this  problem  appears  to  be  rather  small. 


OUTPUT 

ESTIMATE: 

Leq(h) 

Table  1 

Table  2 

Table  3 

69.7 

59.2 

10.6 

69.6 

59.1 

10.6 

69.3 

58.5 

10.8 
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CO 
O 
OH 

o_ 


X 


I 

10 


at 


0U1D    3DIAU3S 


[09-i:  C»OI-VMMj    rtbOi 


BASIC    INPUT    DATA 

OPTION    DATA 

TIME    INTERVAL    FOR    LEO    CALCULATIONS (HR ) 
EPSILON    FOR    BARRIER    (0=THIN. 1 =BFRM ) 
CRITERION    FOR    PARALLEL ISM(DEG ) 


1.00 
1.00 
1  .00 


SOURCE    HEIGHT    OF    VEHICLES    IN    METRES 
CARS  MEDIUM  HEAVY  OTHER 


MEDIUM 
TRUCKS 


HEAVY 
TRUCKS 


0.0  0.7C  2.44 

NOISE    LEVEL-SPEED    COEFFICIENTS    (L0=A4E*L0C < S) ) 

OTHER 


CARS 

MEDIUM 

HEAVY 

TRUCKS 

TRUCKS 

A 

-2.43 

16.36 

38.  48 

B 

38.05 

33.91 

24.56 

SEGMENT    TYPE 


COORDINATES    FOR    END    POINTS    (METRES) 
XI  Yl  Zl  X2 


Y2 


12 


BARRIER 

-5 CO. CO 

0.0 

3.00 

500.03 

0.0 

3.00 

LANE    # 

1 

-1000.00 

10.00 

0.0 

1000.00 

10.00 

CO 

LANE    # 

2 

-1000.00 

14.00 

0.0 

1000.00 

14.00 

CO 

LANE    # 


1 
2 


SPEED 
(KM/H) 


85.0 
85.  C 


TRAFFIC    VOLUME 
CARS  MEDIUM  HEAVY 

TRUCKS  TRUCKS 


650 
650 


20 
20 


15 
15 


1 
2 


0.0 
0.0 


0.0 
0.0 


2. CO 

0.0 


OTHER 


SOUND-LEVEL    ADJUSTMENT    PARAMETER 
LANE    #  CARS  MEDIUM  HEAVY  OTHER 

TRUCKS  TRUCKS 


FIGURE  6-18.     EXAMPLE  PROBLEM  3:   OUTPUT  TABULATIONS 
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FHWA    HIGHWAY    TRAFFIC 

NOISE    PREDICTION   MODEL 

(SNAP    1.0) 

TABLE    1 

SOUND  LEVEL  CONTRIBUTIONS  AT  RECEIVER 
ALL  LANE  SEGMENTS 

(NO  BARRIER  ATTENUATION) 


NEAR  LANE  UPGRADE 


OBSERVER  COORDINATES  (METRES) 
X  Y  7 

0.0      -10.00       1.50 

LANE    *    ALPHA    SOUND    LEVEL      CARS      MEDIUM    HEAVY      OTHER 

METRIC  TRUCKS    TRUCKS 

1  0.50 

?  0.50 

VEHICLE 
TOTALS 


LEO 

63.62 

59.30 

64.13 

L10 

67.29 

52.92 

55.92 

LEO 

62.  44 

58.12 

60.95 

L10 

65.97 

52.90 

53.89 

LEC 

66.08 

61.76 

65.  C4 

L10 

69.69 

55.92 

58. 1  3 

LANE 

OTALS 

67, 

,59 

67. 

74 

65. 

62 

66. 

,43 

69. 

73 

70. 

,15 

FIGURE  6-18.     EXAMPLE  PROBLEM  3:  OUTPUT  TABULATIONS  (Continued) 
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FHWA    HIGHWAY   TRAFFIC 

NOISE    PREDICTION    MODEL 

(SNAP    1.0) 

TABLE    2 

SOUND    LEVEL    CONTRIBUTIONS    AT    RECEIVER 
ALL    LANE    SEGMENTS 

(WITH    BARRIER    ATTENUATKN) 


NEAR    LANE    UPGRADE 


OBSERVER    COORDINATES    (METRES) 
X  Y  Z 


LAME    #    ALPHA    SOUND    LEVEL      CARS      MEDIUM    HEAVY       OTHER 

1  0.50 

2  0.5C 

VEHICLE 

TOTALS  L10  56.70         48.22      53.63 


0.0 

-10.00 

1. 

,50 

SOUND    LEVEL 

CARS 

MEDIUM 

HEAVY 

METRIC 

TRUCKS 

TRUCKS 

LEQ 

50.51 

47.22 

f  5.12 

L10 

53.74 

44.90 

51.56 

LEO 

50.49 

47.04 

52.33 

L10 

53.64 

45.50 

49.55 

LEQ 

53.51 

50.14 

56.95 

LANE 

'OTALS 

56. 

SI 

56. 

14 

55. 

23 

55. 

52 

59. 

16 

58. 

f5 

FIGURE  6-18.     EXAMPLE  PROBLEM  3:     OUTPUT  TABULATIONS  (Continued) 
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FHWA    HIGHWAY   TRAFFIC 

NOISE    PREDICTION   MODEL 

(SNAP    1.0) 

TABLE    3 

BARRIER  FIELD  INSERTION  Lf SS 


NEAR  LANE  UPGRADf 


LANE  K 


VEHICLE 
TOTALS 


OBSERVER 

COORDINATES    (METRES) 

X 

Y 

7 

0.0 

-10.00 

1.50 

ALPHA 

SOUND    LEVEL 

CARS 

MEDIUM    HEAVY       TTHER       LANE 

METRIC 

TRUCKS    TRUCKS 

TOTALS 

0  •  j  L 

LFQ 

13.11 

12.08         9. 01 

1  0  .  69 

L10 

13.55 

8.02         4.36 

11  .61 

0.50 

LEO 

11  .94 

11.08         8.62 

10.39 

L10 

12.33 

7.<K         <».?5 

10.  SI 

LEO 

12.57 

11.62         8. £9 

1 0  .  57 

L10 

12.99 

7.70         4.35 

11.30 

FIGURE  6-18.     EXAMPLE  PROBLEM  3:     OUTPUT  TABULATIONS  (Concluded) 
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APPENDIX  A 
ACOUSTICS  MODEL 
This  appendix  presents  the  theory  upon  which  the  FHWA  Level  1 
highway  traffic  noise  prediction  program  is  based.  The  first  section 
presents  the  basis  for  the  equivalent  sound  level  estimation  at  the 
receiver  for  roadway  lanes  unshielded  by  a  barrier.  The  second  section 
describes  the  calculation  of  the  equivalent  sound  level  at  a  receiver 
location  shielded  by  a  barrier.  The  results  of  Sections  A.l  and  A. 2 
are  based  upon  the  theory  derived  in  Reference  A-l  .   Section  A. 3 
describes  the  approximations  upon  which  the  conversion  of  Leq  estimates 
to  L^q  estimates  are  based. 

The  basic  problem  analyzed  by  the  FHWA  Level  1.0  model  is  pre- 
sented in  Figure  A-l.  The  only  restriction  assumed  by  the  model  is  that 
a  barrier  and  all  traffic  lanes  are  parallel  to  each  other. 

A.l      Equivalent  Sound  Level 

For  a  traffic  lane  segment  unshielded  by  a  barrier,  the  equi- 
valent sound  level  at  the  receiver  due  to  a  single  vehicle  type  is  [A-l]* 


Leq(T)ij  =  (L0)Eij+101og( -^— l+lOCl+a^loglDo/Dj) 

TSJ 

t  lOlog  {^jUij,   <J>2j)}  -  30  dB  (A-l) 


where**       ¥    . 


M>ij,    *2j)  =  I  J2J   [cosU)]   ^ 


-tt/2   <    <j>  <      it/2 

Subscript  i  denotes  a  vehicle  type 
Subscript  j  denotes  the  traffic  lane. 


*   Numbers  in  [  ]  in  the  text  denote  references  listed  at  the  end  of 
the  appendix. 

**  This  definition  differs  from  that  of  Reference  A-l  by  a  factor  of  1/tt, 
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Definitions  of  the  terms  appearing  in  Equation  (A-l)  are 
presented  at  the  end  of  the  appendix.  The  only  general  restrictions 
on  the  result  of  Equation  (A-l)  are  that  the  receiver  distance,  D,-, 
must  be  equal  to  or  greater  than  the  reference  distance,  D0,  and  that 
distances  are  expressed  in  metres  and  speed  in  kilometres  per  hour. 

The  basic  parameter  in  Equation  (A-l)  is  the  vehicle  refer- 
ence energy  mean  emission  level,  ( U  ) e i j •  The  subscripts  (i,  j)  are 
used  to  denote  the  vehicle  type  (i)  and  the  traffic  speed,  S  ,■ ,  on  the 
jtn  traffic  lane. 

Based  upon  the  results  of  Reference  A-2  ,  the  vehicle 
reference  energy  mean  emission  levels  are: 


Automob 


iles  and  Light  Trucks    (L0)E1 .  =  -2.43  +  38.051og(S,)   (A-2a) 


Medium  Trucks  ^E2i  =  16,36  +  33-911o9(Sj)   (A~2b) 

Heavy  Trucks  ^E3-  =  38-48  +  24-561o9(Sj)   (A"2c) 

"Other"  Vehicles  (r0>E4j  =  A4  +  B4lo9(Sj)       (A"2d) 

Generally,  light  trucks  will  be  two-axle  trucks  with  a  gross 
vehicle  weight  less  than  4536  kg*.  Medium  trucks  are  two-axle  trucks 
with  a  gross  vehicle  weight  greater  than  4536  kg  but  less  than  11,793 
kg.  Heavy  trucks  are  trucks  with  three  or  more  axles  and  a  gross 
vehicle  weight  exceeding  11,793  kg.  The  reference  distance,  D  ,  to  which 
the  results  of  Equations  (A-2)  apply  is  15.0m  from  the  vehicle  line  of 
travel.  Also,  the  results  of  Equations  (A-2)  apply  only  for  vehicle 
speeds  in  the  range:  50  km/h  <  Sj  <  100  km/h.  All  parameters  used  in 
Equation  (A-l)  must  represent  average  values  for  the  time  period  of 
T  hours. 


*  kg  denotes  kilograms  force  or  Newtons 
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The  result  of  Equation  (A-l)  is  evaluated  in  the  program  by 
FUNCTION  ALEQ(I,J).  The  vehicle  reference  energy  mean  emission  levels 
are  evaluated  by  SUBROUTINE  LLL  with  the  coefficients  stored  in 
BLOCK  DATA.  The  coefficients  for  the  user-defined  "other  vehicle"  are 
read  as  input  data. 

For  lane-receiver  locations  such  that  the  receiver  is  close 

to  the  center  line  extension  of  the  lane  but  beyond  the  reference 

distance,  D  ,  the  equivalent  sound  level  at  the  receiver  is  expressed 
as  [A-l]  : 

VT)ij  =  ^Eij  +  101og(^|^)  -  lOlogO+a.) 

+   101og((Do/Rnj)1+aJ  -  (D0/Rfj)1+aj)  -  30  dB        (A-3) 


FUNCTION  ALEQ(I,J)  checks  the  lane-receiver  geometry  and 
uses  either  Equation  (A-l)  or  (A-3)  as  appropriate  to  estimate  the 
value  of,  Leq(T)ij.. 

A. 2      Barrier  or  Berm  Attenuation 

For  a  lane  segment  shielded  by  a  berm  or  a  barrier,  the 
equivalent  sound  level  at  the  receiver  due  to  a  single  vehicle  type  is 
[A-l]: 

Leq(T)iJ  =  <Uo>E1j  +  101°9(¥)  +  101og(Do/Dj)  +  ABij  -  30  dB  (A-4) 


where     ABij  =  lOlogj  j   2J"f.  .(^d*} 


♦lj 
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The  function  F--U)  estimates  the  attenuation  of  the  sound 
level  at  the  receiver  from  a  point  on  the  lane.  The  geometry  associated 
with  the  diffraction  of  sound  from  the  lane  to  the  receiver  is  illus- 
trated in  Figure  A-2.  By  assuming  that  the  upper  edge  of  the  barrier 
or  the  berm  is  parallel  to  the  lane?  the  Fresnel  Number  may  be 
approximated  by  the  relationship  (See  Figure  A-2): 

N.jU)  =  NoijcosU)  =  (2f/c)6oijcosU)  (A-5a) 

Since  the  FHWA  Level  1.0  highway  traffic  noise  prediction 
model  is  based  upon  an  A-weighted  sound  level  metric,  it  is  assumed 
that  a  "representative"  frequency  for  the  sound  level  spectra  of  all 
vehicles  is  f=550Hz.  Further,  it  is  assumed  that  a  representative 
speed  of  sound  is  c=343  m/s.  With  these  assumptions,  the  Fresnel 
Number  is  approximated  as  [A-l]  : 

N^U)  =  (2-550/343)6oijcosU)  =  3.2075oij.cos(d>)  (A-5b) 

Further,  assuming  that  berms  provide  3dB  more  attenuation  than  thin 
screen  barriers,  the  attenuation  function  F--U)  may  be  approximated 
as  [A-l]  : 

F-.U)  =  1.0    for  N.  .(*)  <  -0.1916-0.0635  e  (A-6a) 

F..(<j>)  =  10"(5+3e)/10TAN2(/XT.)/X.. 

for  -0. 1916-0. 0635e  <;  N,,(<j>)<0  (A-6b) 

F.-U)  =  lO'^^^/^TANHM^O/X.. 

for  0  <  N..(<(.)  <  5.03  (A-6c) 


F..M  -  io-<20+3^/10 


for  N.  .(((,)  >  5.03 


(A-6d) 


This  assumption  causes  the  parallelism  restriction  on  the  geometric 
formulation  of  SNAP  1.0  problems. 
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where     X..  =  2tt|  N..(<|>)| 

e  =  0.0  for  a  thin  screen  barrier 
e  =  1 .0  for  a  berm 

Figure  A-3  presents  the  barrier  attenuation  Function,  F-..-(<j>), 
plotted  versus  the  Fresnel  Number,  N..  U).  The  subscripts  (i,  j)  are 
included  in  Equation  (A-6)  to  emphasize  that  for  a  given  lane  (j), 
each  vehicle  type  (i)  may  represent  to  the  receiver  a  different  source 
height  and,  hence,  a  different  path  length  difference  <5Qi-. 

A. 3      Leq  to  l_io  Conversion 

The  FHWA  Level  1  highway  traffic  noise  prediction  model  uses 
the  equivalent  sound  level  metric,  Leq,  as  the  basic  descriptor  of 
highway  traffic  noise  generation.  The  theory  of  Sections  A.l  and  A. 2 
is  rather  firmly  based  upon  physical  considerations.  The  estimation  of 
percentile  sound  levels,  such  as  the  L^o  metric,  is  a  very   difficult 
task  to  perform  accurately.  However,  it  appears  that  the  difference 
between  the  Leq  and  the  Ljq  metrics  for  identical  traffic  flows  may  be 
estimated  much  more  easily  than  a  direct  estimation  of  the  Ljq  level 
[A-3]  .  It  appears  [A-3]  that  the  difference,  Ajg  =  Lio-Leq,  is  a 
function  of  the  parameter  A  =  ND/S.  The  parameter,  A  =  ND/S,  combines 
the  traffic  flow  rate  (N  vehicles  per  hour),  the  receiver  distance  (D 
in  metres)  and  the  traffic  flow  speed  (S  in  kilometres  per  hour). 
Additionally,  the  difference  between  the  L^q  metric  and  the  Leq  metric 
may  be  expected  to  vary  with  the  site  parameter,  a. 

The  requirement  to  convert  the  equivalent  sound  level  metric, 
L  ,  to  the  percentile  metric,  l_2o>  is  then  simply  to  determine  an 
approximation  to  the  level  difference,  L,„-L  ,  as  a  function  of  the 
parameter  A  =  ND/S.  Also,  it  would  be  desirable  to  include  the  site 
effects,  as  considered  by  the  parameter,  a,  in  the  conversion.  Little 
experimental  evidence  is  available,  however,  to  support  this  methodology, 
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Proceeding  on  this  basis,  the  results  and  data  of  References 
A-l  through  A-5  were  reviewed.  Following  the  approach  taken  by 
Reference  A-3  ,  the  theory  of  References  A-l  and  A-5  were  used  to 
obtain  approximations  to  the  level  difference  : 

A1Q(A,a)  =  L10(A,a)  -  Leq(A,a)  (A-7) 

for  both  "low"  values  of  A  and  "high"  values  of  A. 

Physically,  "low"  values  of  the  parameter  A  =  ND/S  represent 
traffic  flows  for  which  each  vehicle  appears  to  the  receiver  as  an 
isolated  "single  event".  The  term  "high"  values  of  the  parameter  A  = 
ND/S  imply  traffic  flow  conditions  for  which  the  instantaneous  sound 
level  at  the  receiver  is  contributed  from  many  sources  along  the 
roadway.  In  Equation  (A-7),  the  functional  form  of  the  result  implies 
that  the  conversion  depends  upon  both  the  parameter  A  and  the  para- 
meter a. 

Using  the  methodology  of  Reference  A-3  and  applying  the 
analysis  of  Reference  A-l  ,  the  functional  forms  of  Equation  (A-7) 
were  obtained  for  both  "low"  and  "high"  values  of  A  as  a  function  of  the 
site  parameter  a.  To  provide  a  smooth  transition  of  this  functional 
relationship  between  the  theoretical  limits  of  "high"  A  and  "low"  A, 
a  smooth  functional  form  was  assumed.  This  functional  form  was  used 
to  obtain  the  following  estimates: 

A(A..)  =  Lin..  -  L   ..  (A-8) 

v  ij'    10ij    eqij 

A.  .  =  N.  .  D/S. 
ij     t  J    J 

For  a  "hard  site"  (Evaluated  for  a  =  0.0)  : 

A(A..)   =  -8.98  +  9.87881og(A.  .)  for  1   s  A...   <  8.11   m/km 

A(A,,)   =  9.8788(A../8.11)"°'46395xlog(A../8.11)   for  A,,   >  8.11  m/km       (A-9) 

J  I  J  1  J  *  J 
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For  a  "soft  site"  (Evaluated  for  a  =  0.50)  : 

A(Ai  .)  =  -16.28  +  14.69241og(A. .)  for  1   <  A..  <  12.825  m/km 

A(A..)  =  14.6924(A. ./12.825)'0'58924xlog(A../12.825)   for  A,.  >  12.825  m/km       , 

(A-10) 

The  results  of  Equations  (A-9)  and  (A-10)  are  presented  in 
Figure  A-4.  These  results  are  coded  in  FUNCTION  DELK  in  the  FHWA 
Level  1  prediction  program.  Since  the  Leq  to  1_10  conversion  is  an 
approximation,  the  user  may  consider  the  L^g  estimates  as  more  of  a 
"reasonable"  result  than  an  accurate  estimate. 


A-10 


o 


o 


oo 

o; 

PO 

LU 

o 

> 

t— < 

O 

o 

b 

t— \ 

.V 

_l 

E 

o 

#» 

tn 

O" 

^v^ 

Ol 

Q 

_l 

^ 

II 

. 

oo 

*3- 

< 

— 

o 

1 

I— t 

<c 

LU 

a: 

Z3 

C5 

o 
o 


^-,.0^   m  0IV 


o 

«— i 
i 


A-ll 


DEFINITION  OF  TERMS  IN  EQUATION  (A-l ) 

L  (T) . .  Equivalent  sound  level  at  receiver  due  to  the  ith  vehicle 

e^   1J  type  on  the  jth  lane 

(L  )F-.  The  reference  A-weighted  energy  mean  emission  level  for 

0  1J  the  ith  vehicle  type  at  the  operating  speed  of  the  jth  lane 

N..  The  number  of  vehicles  of  type  i  operating  on  lane  j  ii. 

1J  the  time  period  of  T  hours 

D  The  reference  distance  for  evaluating  (L  ).-  (15.  metres) 
o  o  E 

T  The  time  period,  in  hours,  for  vehicle  N..  and  S.  apply 

S.  The  average  operating  speed,  in  kilometres  per  hour,  for  the 

J  time  period  T  hours. 

a-  The  excess  distance  attenuation  factor  applicable  for  the 

J  jth  lane 

D.  The  distance,  in  metres,  of  the  receiver  from  the  jth  lane. 
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APPENDIX  B 
DECLARED  SIZE  OF  ARRAYS 

B.l    Subscripts  defining  the  Size  of  Arrays 

Three  subscripts  define  the  size  of  arrays  used  by  SNAP  1.0. 
These  subscripts  are  as  follows: 

I  denotes  a  vehicle  type  and  has  a  declared  size  of  4 
for  SNAP  1.0.  The  subscript  I  defines: 

1=1,  Automobiles  and  Light  Trucks 

1=2,  Medium  Trucks 

1=3,  Heavy  Trucks 

1=4,  User  Defined  Vehicle 

Increasing  the  declared  value  of  1=4  would  require 
reprogramming  the  tabular  output  format. 

J  denotes  a  straight  line  segment  defining  the  location 
of  a  barrier  or  a  lane.  The  following  convention  is 
used  by  SNAP  1.0: 

J=l  denotes  a  barrier* 

J=2,  ...,13  denotes  a  lane  numbered  from  1  to  12. 

Increasing  the  declared  value  of  J=13  may  result  in 
tabulations  exceeding  one  printed  page. 

K  denotes  a  coordinate  point  in  (x,y,z)  space.  The  (x,y) 

coordinates  define  the  point  location  in  the  horizontal 

plane.  The  z  coordinate  denotes  the  vertical  location 
of  a  point.  The  following  convention  is  used  by  SNAP  1.0 

K=l,  denotes  the  x  coordinate 

K=2,  denotes  the  y  coordinate 

K=3,  denotes  the  z  coordinate 

K=4,  denotes  the  length  of  a  line. 

This  convention  cannot  be  altered  without  reprogramming 
SNAP  1.0. 


*  Only  for  IBAR=2.  If  IBAR=1  (i.e.,  no  barrier),  J=l,  .  .  .,12  denotes 
a  lane. 


B-l 


B.2      General  Array  Sizes 

The  following  declared  array  sizes  are  presented  for  refer- 
ence. The  user  should  consider  the  comments  in  Section  B.l  before 
altering  any  array  sizes.  Definition  of  variables  appears  in  the 
appropraite  description  of  the  MAIN  Program,  BLOCK  DATA,  or  the 
subprograms. 

0  ITITLE(IO)  -  40  Alphanumeric  Characters 

Vehicle  Parameters;  Subscript  I 

A(I),  B(I),  H(I),  DDV(I),  DDRV(I),  DDLV(I),  DDIODV(I), 
DDIORV(I),  DDIOLV(I),  PPV(I),  PPIOV(I),  LEQV(I),  L10V(I), 
BLEQV(I),  BLIOV(I),  DLEQV(I),  DLIOV(I). 

Barrier/Lane  Parameters;  Subscript  J 

ALPHA(J),  S(J),A01(J),  A02(J),  DDDR(J),  DDRR(J),  DDLR(J), 
DDIOR(J),  DDIOLR(J),  DDIORR(J),  PPR(J),  PPIOR(J),  LEQR(J), 
L10R(J),  BLEQR(J),  BLIOR(J),  DLEQR(J),  DLIOR(J). 

Points,  Subscript  K=3:  X0(3) 

Points  Defining  Barrier/Lane  Geometry;  Subscripts  (K=3,  J) 
XR1(3,J),  XR2(3,J) 

Vectors  Defining  Directed  Line  Segments:  Subscripts  (K=4,J) 

D01(4,J),  D02(4,J),  DR(4,J),  UR(4,J),  P0(4,J),  Q0(4), 
Z0(4),  ZAP(4) 

Vehicle/Lane  Parameters;  Subscripts  (I,  J>1)    AA(I,J), 
AL0(I,J),  J(I,J),  DDD(I,J),  DDR(I,J),  DDL(I,J),  PP(I,J), 
DD10D(I,J),  DD10L(I,J),  DD10R(I,J),  PP10(I,J),  LEQ(I,J), 
L10(I,J),  BLEQ(I,J),  BL10(I,J),  DLEQ(I,J),  DL10(I,J) 
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APPENDIX  C 
ARCHITECTURE  OF  PROGRAM 

The  FHWA  Level  1  highway  traffic  noise  prediction  model  is 
intended  for  quick  execution  of  simple  problems.  This  version,  SNAP 
1.0,  is  written  in  FORTRAN  IV  language  and  is  intended  to  run  in  the 
batch  mode.  Input  data  is  via  a  card  reader  and  output  is  via  a  line 
printer  (See  BLOCK  DATA  and  COMMON/A). 

C.l      MAIN  Program  Description 

The  MAIN  program  controls  the  overall  data  management  to 
perform  the  highway  traffic  noise  predictions  using  the  SNAP  1.0  for- 
mulation. The  MAIN  program  calls  various  subprograms  that  conduct 
the  bulk  of  the  calculations. 

The  MAIN  program  reads,  audits,  and  prints  all  input  data 
required  to  define  a  problem  other  than  the  receiver  location.  The 
only  audit  or  check  on  the  input  data  is  the  criterion  for  parallelism. 
If  line  segments  (defined  by  the  input  values  of  the  end  point  coordi- 
nates) are  not  parallel  within  the  specified  criterion  (THETA),  execution 
of  SNAP  1.0  is  halted  (SUBROUTINE  MESS1). 

Following  the  successful  printing  of  the  input  data,  SNAP  1.0 
reads  the  title  card  for  the  receiver  location.  If  the  title  card  is 
not  present  (as  the  case  for  the  end  of  a  multi-receiver  problem), 
SNAP  1.0  halts  execution.  Following  the  receiver  title  card,  the 
receiver  location/alpha  card  is  read.  This  completes  a  problem  defi- 
nition for  SNAP  1.0. 

SNAP  1.0  then  initializes  the  values  of  all  the  tabulation 
arrays  to  zero.  By  calling  SETUP,  SNAP  1.0  calculates  all  the  basic 
geometric  data  required  to  locate  the  receiver  relative  to  each  lane 
and  the  barrier.  If  a  receiver  is  too  close  to  a  lane  (i.e.,  within 
15.  m),  SETUP  prints  a  fatal  error  message  (SUBROUTINE  MESS2)  and 
halts  execution. 
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Following  the  exit  from  SETUP,  SNAP  1.0  checks  to  see  if 
the  receiver  is  located  too  close  to  the  barrier  (i.e.,  within  0.5m). 
If  the  receiver  is  too  close,  SNAP  1.0  prints  a  fatal  error  message 
(SUBROUTINE  MESS3)  and  halts  execution. 

SNAP  1.0  next  calculates  the  receiver  sound  levels  for  the 
site  without  the  barrier  and  prints  TABLE  1.  If  the  user  has  not 
defined  a  barrier  (IBAR=1),  SNAP  1.0  reads  the  next  receiver  title  card 
and  location/alpha  card  and  repeats  the  TABLE  1  execution  until  the 
last  receiver  has  been  considered. 

If  the  user  has  defined  a  barrier,  SNAP  1.0  automatically 
calculates  and  prints  the  receiver  sound  levels  with  barrier  attenua- 
tion (TABLE  2)  and  the  barrier  field  insertion  loss  (TABLE  3).  If  the 
user  has  declared  NOP  =  1,  SNAP  1.0  reads  the  next  set  of  observer 
cards  and  repeats  the  calculation  printing  TABLES  1,  2  and  3  for  each 
receiver. 

If  the  user  has  declared  NOP  =  0,  SNAP  1.0  continues  its 
calculations  printing,  in  turn,  TABLES  4  through  8  for  the  receiver. 
Upon  completing  this  task,  SNAP  1.0  repeats  the  calculation  and 
printing  of  TABLES  1  through  8  for  each  subsequent  receiver  location 
defined  by  the  user. 

C.2      MAIN  Program  Variable  List 

The  following  is  a  list  of  variables  used  in  the  MAIN 
program. 

T       Time  period  for  which  Leq  is  computed 

EPS      Barrier  parameter  (EPS=0  thin  screen;  EPS=1  berm) 

THETA    Criterion  for  parallelism  in  degrees 

NOP  Option  to  print  tables   (N0P=0  print  all   8  tables;   N0P=1 

print  only  3  tables) 

NI  Number  of  vehicle  types 
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AA(I,J)  Sound    Level    Adjustment:      Vehicle    Type    I    on    Lane    J 

H(I)  Height  of  vehicle  type  I 

A(I)  Constant  term  in  sound  level    -  speed  relation 

B(I)  Log  coefficient  in  sound  level-speed  relation 

IBAR  Indicates  existence  of  barrier  (IBAR=1,  no  barrier;  IBAR=2 
with  barrier) 

NJ  Number  of  lane  segments  (including  barrier) 

S(J)  Speed  of  lane  J 

N(I,J)  Number  of  vehicle  of  type  I  on  lane  J  for  the  time  period  T 

ALPHA(J)  a  for  lane  J 

ITITLE  40  characters  describing  the  title  of  the  receiver 

XR1(K,J)  Coordinates  of  end  point  1  of  lane  J  in  3-space 

XR2(K,J)  Coordinates  of  end  point  2  of  lane  J  in  3-space 

X0(K)  Coordinates  of  receiver  in  3-space 

DR(K,J)  Vector  of  end  point  2  of  lane  J  relative  to  end  point  1 

P0(K,J)  Vector  of  normal  to  lane  J  from  receiver 

Z0(K)  Coordinates  of  end  point  of  P0 

A01(J)  Angle  between  normal  and  end  point  1  of  lane  J  to  receiver 

A02(J)  Angle  between  normal  and  end  point  2  of  lane  J  to  receiver 

ZAP(K)  Unit  vector  in  the  z  direction 

PHI 1  Lower  limit  angle  for  integration 

PHI2  Upper  limit  angle  for  integration 

LEQ(I,J)  Leq  for  vehicle  I,  lane  J 

L10(K,J)  L"| o  for  lane  J,  summed  over  I 

LEQR(J)  Leq  for  lane  J,  summed  over  I 

L10R(J)  Liofor  lane  J,  summed  over  I 

LEQv(I)  Leq  for  vehicle  I,  summed  over  J 

L10V(I)  Li o  for  vehicle  I,  summed  over  J 

LEQT  Leq  summed  over  I  and  J 

LI 0T  L]q  summed  over  I  and  J 

BLEQ  etc.  Same  as  above,  but  with  barrier 

DDD  etc.  Same  as  above,  but  for  barrier  shielded  portion 

PP  etc.  Same  as  above,  but  for  barrier  shielded  portion  with  barrier  removed 

DDR  etc.  Same  as  above,  but  for  portion  left  of  barrier 

DDL  etc.  Same  as  above,  but  for  portion  right  of  barrier 

C-3 


OOOOOoOOOOOOOOoOOOOOOOOOOOOOOOOOOOOOOOOOOOOOoOOO 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOt-0000000000000 

»-rM»o*invD^aowo»-rMn^uivor^ooo>o«-rstrocri/ivor»coaNO»-(Nro^*if)vor»ooa>OT-csro3,ir)vor* 

oooooooooi-i-rrT-i-r-i-t-rNMiNiNtNNMNfMMnnfon'^i'innmnTasa*?** 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ouoououuououuouoouoouuouuoouuuoouooououuuuouoouo 
oooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO'"' 


ooooooooo 


CQ 


j»               co  h> 

*•                    *-  Q 

» 

1-1                     -"O 

.«-* 

(3 

% 

Q                     03     » 

«■ 

*«^ 

\ 

CO 

O                     (Ho. 

^^ 

*—' 

CO 

CM 

CO 

*          »        09 

» 

> 

^* 

I 

^ 

a     *■«     a  — 

*-» 

o> 

»■* 

oo  \ 

n     n       »t> 

> 

w 

03 

N.J*  CM 

,«* 

»-          r-         —."« 

— .O 

«J 

o 

N.    •• 

t 

\ 

« 

■.       *     n  q 

fO   T- 

03 

M 

«»   •» 

00 

w 

JJ>         J»        *-  Q 

T-    ►J 

* 

^ 

«)  II 

f>H 

^^ 

to 

M 

*^        w        *^    k 

*"-'       % 

~~, 

Q 

H  - 

•* 

N 

M 

H 

M         CM         03  ~ 

03   -» 

CO 

k 

<4     0 

• 

CN 

M 

O 

Q       o  »  Q  =r 

O  if 

T— 

^»v 

OP» 

II 

I 

H 

«« 

O          Q   Oh  Q  ~ 

^-  *«^ 

*— * 

a 

m 

» 

00 

W 

«. 

w 

k        «    »  o  > 

Oj  > 

03 

■*=^ 

»  H 

« 

P4 

n 

ro 

% 

*-.       «-»  «-»    »  O 

04  0< 

O 

a- 

O     » 

r* 

% 

in 

**» 

n       n»«Q 

»M 

i~- 

o 

M  - 

IT) 

» 

S3 

H 

o 

r-        »-  ,~*rn  Q 

—.►J 

>A 

i^ 

fn  K 

H 

II 

H 

k 

1— 

«         » o  ^    » 

CO      » 

m 

^ 

%. 

» 

• 

*■* 

J»         a-  N     »*-» 

^~      ^mm. 

% 

o 

o  a 

* 

% 

to 

IH 

w 

*».*""        "-*«•«»•  CO 

'-co 

^ 

* 

•    ^^ 

s~ *, 

r- 

W 

P» 

k4 

CO  O        «~  «^^"'~ 

03  »~ 

CO 

.-^ 

»«o 

h  m 

yA 

>x 

H 

t-  Q         O  »  «  — 

cu  »- 

5— 

a 

in  a 

«  H 

U 

w 

H 

»Q          Q  — O  03 

Oj   03 

*— * 

*«* 

CO  o  M 

* 

H 

ca 

O 

H 

*     »  .-»    fcO  «-  03 

»o 

03 

> 

H  h  n 

m 

S3 

■ 

• 

H 

*■»«—  ro  — » a  Q  O 

^^  »" 

CU 

a 

XH 

II 

^^ 

W 

« 

r— 

% 

S3  X  »-  3-     %Q  r- 

»  hJ 

w 

w 

\"« 

«— 

o 

>• 

CO 

H  — 

k    »    »**— .    »« 

'■'^    » 

Hi 

^ 

-    t-» 

t> 

IM 

a 

'  D_ 

O  ro 

_co  cr  ca  co  ^q 

>  — . 

aa 

Q 

•a  o 

z 

Q 

Pv, 

E-l 

< 
00 

o  «- 

n  x  w  »«"-  co    » 

O  co 

*, 

*. 

h  y  h 

*^* 

• 

O 

« 

E)      » 

«-      »  Qj    - «     »«—   ,-, 

•—  t— 

^-v 

,=> 

•s  ►-» 

3d 

Kl 

o 

m 

*•% 

»ar 

»IN  Uin  JT     »ro 

^-^ 

a<  — 

CO 

CO 

M  «I 

tl 

i/J 

II 

ei 

*J 

*r 

SB   «— 

J»   X      »»-   — »;y  «- 

=y 

a>  us 

r- 

r- 

u 

II 

M 

•« 

33 

Z3 

*-» 

M  «q 

03 

— -     »tN      »  (_>   —  — 

** • 

»  <ji 

«» 

k 

tn 

O 

H 

tH 

Ifl 

M 

«-^ 

Ui 

•  • 

»«aj 

«! 

O  r-   H  CO  Oj  m)  « 

> 

*-W 

a1 

a 

o  o 

*^ 

W 

W 

H 

Q 

M 

k 

CD 

cm    * 

IU 

M  N  M  ■*■    »o  M 

►-4 

a-  m 

"■*■ 

**■ 

«! 

Oj   W 

M 

03 

W 

PA 

55 

^v 

■Z. 

«  y 

H 

<*      »6i   (N  ^.r-  O 

O 

■^    ^ 

o 

o 

H 

Z    Hi 

03 

t-l 

*-«. 

t-< 

03 

» 

% 

a- 

\— 1 

«.Q 

* 

»  H     *  03  co  a  r- 

r- 

t>  — 

V— 

r- 

w 

H 

W 

■oj 

• 

^^ 

,«^ 

m 

_^ 

T— 

^^ 

h- 

»~       H 

rs 

OPifXi-up 

« 

Qj  CO 

M 

M 

03 

03 

M 

OS 

o 

a1 

M 

W 

H 

N 

II 

^™, 

«i 

oo 

•0  -» 

WJ 

M   t*   M      »  —     »  M 

t-J 

l-M  «~ 

w 

M 

rag 

t-i 

W  U 

u-» 

an 

OJ 

i 

«• 

u 

CO 

M 

**« 

^* 

1 — I 

»=r 

* 

>»     »  Xi    — »<"^  ^-o     •> 

«> 

»    » 

% 

o 

H 

te 

M    1*4 

pq 

CA) 

r— 

w  ^ 

,-* 

k 

03 

CO 

to 

k 

X 

a 

1 

t-)  >* 

H^HHOinon— . 

^«« 

-»:» 

*=v 

^K 

W 

W 

W 

*: 

V) 

N 

f  10 

V5 

T- 

=> 

H 

!>C 

^^ 

CO 

« 

»m 

sb 

T" 

*  tit      »r-   <<  f  C| 

3- 

CO  — 

CO 

CO 

33 

u< 

«i  M 

OJ 

U3 

Ui 

H 

»-  Cm 

o< 

II 

0 

« 

U 

M 

^ 

K 

2: 

H    » 

* 

*■* 

«     k<«      »»»»"• 

-■ " 

t-  O 

r— 

T— 

H 

w 

OJ    «B 

o 

w 

m 

I  w 

w 

M 

to 

« 

=> 

*m 

CN 

M 

*  *~* 

,_» 

«c 

n  ^Hn^a  w 

> 

%  9~ 

k 

^ 

*> 

<• 

»     >• 

bM 

U-l 

* 

* 

W  ♦ 

# 

« 

m 

(O 

m 

33 

• 

••^ 

U  =»  n 

re 

«■-  =r  >-i  >"  co  — '  03 

tfi 

=f    ►J 

=f 

3- 

v> 

H 

••  03 

o 

ui 

<c 

vA  co 

CO 

<«<. 

0 

03 

frl 

*m 

r~ 

n 

p 

Ut  — ' 

*-■ 

m 

•—  — '  w  »-  »-  «  u 

o 

■^»       % 

•<* 

•** 

U4 

^^, 

co  W 

UM 

■z. 

ro 

M 

i     t 

• 

M 

CO 

«: 

m 

^~» 

tM 

«s 

CJ3 

o 

N«i 

o 

~l 

nupKix'Oo 

«— 

o  —. 

t-< 

CD 

CJl 

w 

o 

CO  H 

u 

UJ 

W 

-^  1 

1 

tM 

*^ 

f— 

rsl 

CM 

u 

k 

CO 

*— • 

UM 

O 

n 

W  N 

shi 

Ml 

■S  «JJ    \  X  T-  r~  r- 

ua 

•-  co 

CJ 

w 

HI 

*a- 

H  » 

xq 

M 

o 

a 

«q  U) 

I 

W 

M 

a: 

3- 

t-i 

a- 

* 

CO 

a 

3 

UJ 

cc 

H 

M  «) 

\  Xio  n  a   \OHM 

w 

On  «•- 

»— 

H) 

f-l 

n 

<fc 

»  >-4 

<_) 

U3 

t 

t-l 

M     • 

IN 

*S 

a 

■^=- 

*» 

ts 

k  3- 

w 

«» 

«i^ 

Q- 

•M 

M4   t-t 

r« 

VI 

»  \  >-t  trt  «H  «-»  i-i 

h 

l-U       » 

^-i 

CJ 

(-J 

— r. 

t-l 

• 

i-i 

u-t 

1 

*-" 

W     | 

1 

^^ 

,— , 

^M, 

t-< 

■• 

t-< 

•3- 

in 

fc-l 

r- 

3- 

w 

u«  m 

«H 

(_> 

M  m  t>  M     »  »     » 

^-x 

ss  3- 

a 

<r. 

*-^ 

H 

T— 

CP 

«"    W 

i-t 

t-l 

VJJ 

U) 

03   >» 

— 

IN 

IN 

CO 

3 

0 

L3 

IN 

% 

=> 

<N 

1 

■z. 

«H    Ut 

u 

M 

wmUB^O-, 

3- 

o  — 

f 

o 

.<_) 

'1 

OJ 

»  o 

»      » 

U) 

M 

^" 

>w> 

ft   * 

* 

* 

* 

* 

i_> 

«• 

1-1 

t-l 

c» 

w 

c-i 

^-J* 

H— 1 

H» 

WNNWWlHn 

*"* 

H  O  <-»  M 

3 

H 

T— 

* 

as 

E 

■—  >-1 

Uj 

U3 

0^ 

u 

-*  # 

* 

m 

Z 

a 

K 

■^ 

st; 

*"* 

to 

E 

^-" 

W 

^ 

«•] 

is  so 

as 

3= 

aza  Bi-io>- 

> 

U1    UJ 

w 

w 

to 

*•* 

• 

H 

"— ' 

H  EH 

m 

U 

r" 

II 

W      « 

1 

M 

M 

H 

H 

e-i 

■x. 

^^ 

H 

1 

D 

<_>  u 

<_> 

<~> 

<_>  u  o  w     »  «c  — 

M 

«   y-i 

-H 

>a 

;» 

-a 

tu 

in 

— 

w 

«5  ~ 

™ 

<= 

» 

«x 

oi  O 

U> 

>— 

^- 

— 

HJ 

«i 

tM 

•OJ 

*_> 

lij 

«3 

M 

*"~ 

53 

El   SO 

»j 

S3 

as  w  s  *j  a-  w  o5 

O 

UJ    ^ 

•-J 

W 

o 

r<4 

o 

II 

O 

H 

a    » 

k 

t 

1 

H 

«5J    c- 

r— 

U 

« 

a 

t"" 

s 

H 

1: 

rD 

H 

33 

83 

«s 

JQ   SS 

aa 

» 

aaas-Eh) 

T— 

k  «: 

«J 

S3 

r- 

« 

•■- 

H 

«3 

M 

as  r» 

r> 

r» 

II 

w 

—    II 

II 

■BJ 

«fl 

«s 

M 

« 

M 

ca 

P3 

M 

03 

*— ' 

n 

o  o 

o 

O 

O  O   O   U  03   M  w 

u! 

M  W 

UJ 

M 

^ 

H 

i-) 

O) 

l-M 

(Xi 

u  •- 

r~ 

»— 

^™ 

33 

ft,  (N 

CO 

w 

m 

w 

m 

O 

ca 

0 

H 

Q3 

0 

Oh 

u  u 

u 

o 

U  u  u  u  Q  ca  a 

£-» 

Q  W 

i-a 

« 

a 

Q 

Q 

H 

t-i 

Q3 

3 

Hh   fc-t 

t-< 

H 

<S) 

t-l 

H  X 

>^ 

03 

05 

03 

j 

On 

■JB 

Oh 

m 

uC 

Oh 

H 

«< 

f—       f* 

r-i 

T» 

I— 

S 

«•■ 

OS 

ro 

T— 

a 

04 

aj 

a 

(H 

H 

o 

^ 

CM 

CO 

U  U  U 

1 

o  u  u 

* 

a 

a 

3> 

r-fMroauO\£>r~00         <J\  Or-csiro 

OOOCJOOO<->        O  r-r-»-T- 


in  vo  r»  00 


OOOO 
O  t-J  o  o 


mo«-cMc-i3,in\ar^aoCTio  »-cmco 

»-rMtN<NCNrMCMCN'NrMCMco  mcriro 

oocaotjejooootJej  000 

oooooooouooo  000 


C-4 


oooooooooooooooooooooooooooooooooo 
ooooooooooooooooooooooooooooo»-oooo 

co<yio«-(Nm»mvor^oo<nor-(Nro^in\or»aD<T>ot-(Nn^-m\o>or-cocT\o 
s^unni/iinini/iiflininin»o\o«)^o«5io«j*ovo*r>r-r»iNr»f,f,'i>r«r,»r«oo 
oooooooooooooooooooooooooooooooooo 

UO«-->OOUOUU<JOO<->0<_>OOOC>OlJOO<->0<->t->U<->lJ'UO<->0 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

oooooooooooooooooooooooooooooooooo 


OOOOOOOOOOOOOO 

oooooooo»-o©ooo 

C0O<00Il(X)<I)00Q0C0(09tW9t0t 
OOOOOOOOOOOOOO 

oo<_><-jo<-j<_>t_>ot_>oi->oo 

OOOOOOOOOOOOOO 

00000000000000 


N 


10 

o 

Hi 

# 
n 

♦ 

II 

o 

Hi 


(/I 

B3 

w 

H 

cj 

H 

Hi 

CM 

w 

o 
u 

w 

w 
w 

c 

I 

M 
M 

w 


to 

H 

o 

as 


sq  rs  w  cn 

«-  r»  «-  r» 

II    Uj    II    Uj 


II 

us 


fN 

UJ 
X 


II 


«-  H 
H    00 


CO    ^  — »»     -. 

t-  rs  in  <aj  ^o 

fc-l   ST   £>•   •     ■»■ 
%     %     *    %     » 


auoa>- 


CJ  - 


3  -* 


t-i  o 

—  SG 

•  t-<  "— 

"=3  UJ 

as  H 

US  H 

O  as 


fN 

n 

•  UJ 

UJ  •*, 

•  an 

UJ  — .  — , 

«-  <N  IS 

t-l  •»    * 

«-»  vs  « 

fc-l  HI   M 

»«,  —  -~ 

M  t<« 

Cj  m  uj 

Hi  MP) 


03  -* 


<-   VU     II 

II     »-» 

T   Z   T 

«-    H«       » 

<_»  —  n 
o  «  — 

•-  «a  t- 
a  uj  a3 

CJ   03   X 


vjO 


lO 
H 

-I 

M 

Hi 

H» 

OS 


04 

o 

1*4 

us 
u 

UJ 


VI 

o 
ei 
o 

UJ 


u 
SB 


Uj 

M 

to 

U| 

D 

H 
W 

to 


O 

o 

« 

^ 

• 

o 

» 

m 

■« 

to 

a 

H 

«« 

a 

CO 

H 

uj 

H 

to 

•4 

l/> 

w 

M 

a 

Hi 

ID 

10 

W 

M 

H 

fN  II 

H  US 

»  » 

\    »  — 

•    M  «- 

CO        H  US 

w  -  w 

as  fN  ci 

H  X  03 

W  -  M 

K      »  -' 

~'X  «• 


to    » 

H  - 


1*1 


to 


to  - 

O         »-  W 

o  —» o  w 


T    -»hJ 

»«-    Hi 

»-    »<: 

<N    — '  H» 

>l   Q  H 

«  ■>  uj 
— .  ->  03 
1   T  tri 


t-  m 


O    86  O   tO 
H< 

o 
o 

^,  m  o  ro 


ss  o 
»  w 

t—  » 
II  w 
M   O 

»o 
— «  a 

rj  «■» 

»  w 

HI  H 


n  o 
to 


WCM 

to    » 

%  • 
r-  a 
<->  UJ 

^^  UJ 

CU  V] 

% 

H  • 

D     » 
O  "1 

»   M 


M  N  II 

O  •  M 

Oi      »  » 

x  — 

vj    »  « 

UJ   -  K 


I  HI 

o  a 
o    » 


09  X 
O  - 
u<     » 
X 

</|    00 

u|     • 
t-t  - 

«S   r- 
2    X 


x   —  OXU^H 


UJ   \  II 
z   -     — , 

•»;  o  ■"» 

•-I  in  «— 

•  to 
»o  ** 

^  Iri     • 
t-  O 

Hum 

»  UJ       t 

•  wn 


O     —       H  ^.T-    W- 

N   M     II 


«  w  wr»  uo 


ui  hj  «q 

uj  tj  *-» 

M  K  10 

u  <«  w 

-I  II  «« 

K-l  tj  *» 

<  a  u, 

y  »<  H 


•       1>I        I 

H         O 


O  U  U 


•-J  H   t3   to    K  US  tO 

l|  "->  «S   — »  CO  rt  — 

r  lit  u|  a<  U  ut 

T  H  OS   H  CM  •  M 


O 


fc-t   UJ 

H  = 

us  << 

3    Hi 


O  ro 

O  •- 

•~  HJ 

f  « 

HI  » 

U  o 


to  ac 


M  Uj 


O  O  •» 
o   —  «-» 

O  IH 
t-t  O   «■» 

O  <* 
tr>  •"  •* 
UJ  I  —» 
l/l  pi  « 

o  rn 
uj     •     %  ui 

HI    — «  V5    O 

r>  m  as 

ws  to  cjj  H 

«■   »—  ««    i3 

m  wo 

-     H  u»  (J 


ca  x 

O  o 

o  » 

t-»  - 

•  M 

k  Uj 

— .f|  X 

O  (N  fc-t 

v*)   HI 

»     »  fc-t 

t-l   »  1 

U  t)  uj 

IJ   -  «J 

c  —  ta 

«—  Ir-t  U) 

uj  *a  u| 

Ht  «  - 

HJ    US  « 

css  O  in 

-«   u<  fc-l 


«  — . 

X  »>• 

"■*    • 
*-o 

vo  Uj 
»V0 

H     » 

O  X 
U  ui 

a:    • 
ui  ui 

fc-l  UI 

H  X 

OS  W   l-J 

3  UJ  ss 

— .  «s      « 

fN  UJ    to 

• 

e»  » tu 
— .  uj  m  hi 
N    •  f«   "I 

-  Q3  — '  O 
(N  «S  fc-l  O 
N  UI   ^  U 

-  HI    «S   O 
»«—  US  (Nj 

X  u.  o  o 
tTl  H  Uj  U 
CN 


II 

MS 


n 

ws 

fM 
0» 
M 


•  IN 

M   O 
as  w- 

•  uj 

— ,y? 

n    » 

»x 

tfi  CN 


OS  H 

X     » 


■-J  PO] 

— s  as 
fN  «* 

VO    Hi 

ID      «•> 

4  H      »  • 

uj  UJ  ui 

HI  O    HI    UJ 

|    as  «■•»  D 


•  as 
w  ca 

SC]   3Sj 

a  h 

o? 

>    » 

M 

U  VO 
M  » 
hi  - 

•»»  x 

<<  !> 

ca  <4 

H  M 

•  30 
«.  • 

X  % 
CO  M 
r-  «1» 


~.CN 

m  r- 


as  — • 


in    *    « 


T  fc-i  *s  t-i 

il  h  m  a 

«-  BJ  o  O 

>"}  3  UJ  (J 


M  H  06 
"HBO 
(J    3   U, 


m  • 
•  to 

•  ne 
to  u 

03  O 

4  oa) 
O  H 

•  •» 
«    » 

XXI 

\o  =»»  so 

•>    •    « 

-  -  03 
-~  to  <4 
uj  ac  uj 
>\  O  X 

as  a  n 
*s  «  1 

—  H  «- 

-  .    o 
»    »o 

•-  »-  fN 
fN  ■»  O 

fc-i  h  a 

—  fN 


Q. 
CO 

z 

HI 

I— 
(/> 


a: 

o 

a: 
a. 


o 
o 


o 

NO 


o 
o 

fN  O 
\0  <N 


r»tnvor»coer>o«-fNfn5rm 

OOOUVJOI-IOOOOO 
UOOVJtJOOOCSOOO 


vor»coty>o»-fN'n  rrinvo 

3  3  ?  3  uiuiuiui  in  in  m 

ouuouatio  vjoo 

OOOOOOOO  <JOO 


H»  00  C»  O  h- 

in  in  m  mj  -o 

o  u  <-»  o  o 

o  o  <_>  o  o 


rN<^^inj3r*00CftO»-  fN 

^j  vu  no  su  ^o  mj  \o  ^j  r^  r*  c^ 

uuuuotiuouo  o 

ouuuouoouo  o 


C-5 


OOOOOOOOOOOOOOOOOOOOOOOOOOoOOOOOOOOOOOOOOOOOOOOO 

0000»-rMfn3,ir)^Or~-00(TiOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

invorseo»(oa)<D<Dcoa3ooa)»o>-(srriain*r><»o>or-r>)n»in»ohaj<TiOT>(sro^invor'a)»0'-(NfO 

OOOOOOOOOOOOOOr-t-»-»-«-»-t-«-*-'r-*-«-«-«-«-i-tr-,-T-»-»-«-»-.-r-T-.-T-»-.-r-*-»-»- 

ouuooaouoouooouooooooooouuooouooooououoooooooooo 
ooooooooooooooooooooooooooooooooooaooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 


M  V) 

S3   KG 

««  u 

k)  O 

»    04 

^^       ^«»  ■**-  ^^ 

»H 

H        H  H  H 

CO  • 

o       q  eo  h4 

r-     * 

*"       o  o  o 

KZ 

_3               «-»-!- 

CO          »QQ 

-    H 

ft         QQQ 

«  \ 

H           »    »    » 

W  - 

«OI  ^.H  H  H 

H  W 

HUHOOi^ 

W  M 

o  >-3  o  m  «  a 

sa  a 

r  Or  pqq 

««  H 

»4     »  CM     t.     »     « 

M  O 

%t»  Cti  >  >  P» 

<«  - 

HO      tOH^ 

M     ft 

O'*-  H  O  O  O 

CTt 

MMOit-^t- 

H  m 

*4  ca  a,  q  a  a 

*^ 

a  H 

ft    ft    ft  ca  Q  ea 

•M 

M     » 

>  t>  >    »   «   » 

SB 

a  - 

oao>>!> 

ft  *■» 

H  H 

r-  «  »-  a  ca  ►j 

^  ««^ 

CO  s- 

^* 

^►J  M  CU  H  tJ  M 

II    X 

O  •< 

M 

rj    «nm<QQQ 

H9 

O  W 

23 

IB   O      ft     ft     ft     ft     ft 

ft     » 

a  sa 

% 

ft  Ot  03  >  W  03  ca 

*—VO 

^  ■ 

r- 

^^ 

III   w  u   UM   u<   >^ 

•?  M 

ft 

II 

.-^ 

i^J   M  »-    U4  o  O   O 

%  *"" 

M  00 

M 

« 

W     ft  M      »«-  «-  «- 

m  «r 

W  » 

ft 

CM 

H  03  03  03  Q  O  O 

*"^  «. 

t»>  H 

>»^ 

ft 

M 

HO     tOUUQ 

39   XI 

DM      ft 

rj  on 

M 

rj  t-  U3  r-     ft    ft    ft 

"~9 

*■»  - 

% 

• 

H 

ft  m)   O  Oi   03   OS    33 

ft     » 

1     H 

M  00 

M 

^,      ft  W    Qt    U    U3    ,-J 

*■»*"■ 

(->   O 

*^ 

►M 

W 

T«H       ft  U   M   U 

rj    i 

SB  M 

•4 

ft^ 

H 

<->cx  ca  ca  o  u  a 

*—vO 

B  Q 

««  9 

•aw    »  oj    «    «    « 

co  n« 

O  w 

ft^ 

% 

en 

ta  t-4  O  i-u  u  m  i-» 

»    » 

(O   K 

ft 

VO 

<n 

Cli      fcr-      ftO  O  O 

•-  X 

•     • 

*• 

<-v) 

at 

M  O  t-»  O  «-  »-  «- 

n  a- 

%     * 

"-3 

■^  H 

en 

*r  w»-c)aQ 

*^    «• 

in  eo  — « 

S3 

a. 

% 

li 

"»■  i-4     ft  a<  u  «  « 

U>  9 

r»  rN 

ft 

CD 

VO 

u 

ft     ft  W  CXi      ft     ft     ft 

ct>  H 

VO 

t-«  H  * 

n 

<JD 

H 

as 

^^ 

Ouw     ft  «  W  H 

03      k      ft 

% 

|      ft      ft  V| 

«s 

00 

«» 

ft 

m 

=r 

XW^ftUUU 

HW<N 

t-t 

•   ■    as 

MJ 

•q 

t-t 

vu 

%  «u 

nH  uuiuuu 

WDi- 

tj 

OMU 

►-1 

UJ 

CD 

•— 

Ul 

en 

o 

f~i  U  M 

UJ 

<_> 

»     is  P 

II 

M 

CJ 

H 

UJ 

WJ 

<J 

% 

*— 

ft  W  t->  U  VJ  u  o 

|     «   — 

CD 

K 

—  <  ca 

n 

1 

JC 

ft^ 

=3 

CD 

o 

S3 

-~ 

a    B    H,    «    K    B    IB 

r-  —  H 

55 

H  O  t-» 

™ 

^~ 

*-* 

H 

SB 

z 

1-1 

M 

e-i 

M    W    UJ    UJ    W    UM    W 

•ft    uj    wj 

>-( 

uj 

«i  »    « 

o 

■* 

UJ 

«u 

M 

M 

»■» 

«u 

~NN   NNIM   N 

O  H  » 

H 

t-« 

a    »    » 

o 

n 

tr" 

H 

H 

H 

03 

H 

H3 

C3  H  M  H  ►-»  t-J  i-J 

II    H  « 

a 

H 

pa  o>  co 

^i 

II 

H 

L=i 

z 

z 

w 

< 

Cd 

«-    i— 1   — 1    i— t   — 1    — J    — J| 

»-  «  O 

O 

CBj 

QMS 

o 

t— 

05 

u 

O 

o 

> 

M 

a 

wj  «a  <  «q  rtl  >a;  «a; 

•7  »  in 

u 

O 

3 

U-l  {*  (H 
r-  <M 

« 

■"5 

JE 

Uw 

u 
o 

u 

o 
o 

05 

w 
w 

CO 

o 

03 

Uj 

KUUUUUU 

10 

o 

!*• 

CO 

o 

o 

VO  <N 

SO 

to 

(N 

t— 

u  u 

u 

CT> 

-J 

M 

Q 

O 

n 

2 

O 

M 

bO 

H 

B3 

O 

o 

H 

H 

a 

H 

UJ 

a 

^-^ 

03 

H 

CX| 

s 

O 

u 

»" 

UJ 

h) 

h3 

to 

<C 

ft 

H 

u 

O 

23 

M 

M 

* 

33 

i-J 

ft 

H 

ft 
> 

H 

O 

cd 

O 

O 

H 

O 

03 

i^ 

t— 

\ 

(M 

M 
H 

ft 

►J. 

ft 

u 

X 

03 

i- 

H 

H 

03 

03 

Ol 

o» 

u, 

«s 

«0 

UJ 

UJ 

UJ 

Ul 

ca 

J 

.-J 

«a 

w 

ft 

ft 

01 

WJ 

o 

« 

> 

fcH 

VJ 

n 

CJ 

o 

U4 

^~ 

*^ 

w 

n 

03 

m 

H« 

ft 

<-* 

ft 

at 

to 

»» 

co 

ca 

t» 

33 

m 

03 

lO 

03 

OI 

o< 

o 

i-j 

tM 

Dl) 

w 

w 

w 

M 

o 

CO 

B 

H 

HJ 

<-) 

tc 

SB 

tM 

-*■ 

•4 

ft 

ft 

«JJ 

O 

►J 

«4 

U3 

o 

03 

o 

'J. 

a 

m 

(J 

W 

►J 

T— 

S3 

a 

o 

^-^ 

ft 

M 

Uj 

«a 

O 

tH 

C> 

ft 

« 

to 

a 

s 

"3 

M 

ca 

ft 

to 

<o 

t 

O 

33 

— »  >-J 

OI 

,  T— 

03 

m 

tri 

03 

ft 

T      » 

UJ 

f— 

ro 

o 

8S 

M 

W 

W 

M 

»  O 

M 

T— 

t-< 

w 

tM 

t 

M 

«* 

_t 

*^ 

SB 

M   UJ 

— * 

4 

ft 

VJ 

VI 

*^ 

UI 

UJ 

r? 

T 

ft 

"••  M 

t4 

PI 

■» 

HI 

u* 

U 

T— 

1-1 

•*- 

** 

r- 

<-•  m 

►VI 

UJ 

▼- 

s» 

D 

M 

ft 

u« 

tl 

r" 

<N 

II 

aj    -— 

UJ 

» 

u 

» 

H 

U 

9 

O 

•-J 

O 

O 

M 

M   « 

o 

2= 

»□ 

>—• 

Hi 

W 

*-" 

O 

rsi 

«j 

■a: 

r\i 

•*  a 

z 

CJ 

t-i 

f-l 

VI 

W3 

o 

M 

CJ 

II 

It 

<-> 

II     V) 

t-l 

<-> 

UJ 

«>) 

«9 

l-J 

O 

Cu 

o 

t^ 

(N| 

o 

m  ►-! 

H 

l-J 

H 

« 

-J 

CM 

*-* 

O 

T- 

M 

H 

r— 

w  >-l 

ss 

K-J 

M 

ca 

CU 

«3 

IM 

tr- 

o 

S 

X 

O 

-J]   'S 

o 

«C 

£B 

O 

O 

(J 

U 

H 

1 

Q 

Ul 

Cu 

« 

Ul   (J 

u 

u 

X 

tH 

H 

w 

Ul 

M 

a 

H 

<N 

(O 

o 

M 

O 
O 

,_ 

CJ  O 

out. 

;      u 

u  o 

T- 

T— 

Q. 

»— i 

I— 


o 

D_ 


ro  *  in  vo  f^  oo 
r>  r»  r-  r»  r»  r^- 

uoouou 

oooooo 


OtO»-  (N"l  * 

r-  eo  to  oo  cu  oo 

t-»  O  O  O  CJ   CJ 

VJ  o  o  o  o  o 


!THOr«00OtO«-Nr<l9 
(UVUtUUJUICtUtVtOMJt 
UUUCIUOOCIOU 
OOOOOOOUOO 


in 

tO 

crt 

trt 

o 

o 

o 

o 

r>cooo«— (N'^i^tinvo 

ottmnoooooou 

UUU'-'-r-'-f'-T- 
OVJOOOOOOCJO 


C-6 


oooooooooooooooooooooooooooooooooooooooooooooooo 

OOOOCTOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

^in\OP»oo^o^<Nro^,irivof«.ooCT>o»_tNf,i*irivor>coCT>o»-<N'*>*>ri-or»oocT<o»-<Nf*)^inv<»r»"00<7>o»- 

OOOUC400000UOUOOUUUOOOOOUC30000UOUUOUUU001400UOOOOO 

oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 


\ 


M 

M 

^^ 

> 

H 

H 

O 

Z 

w 

w 

O 

u 

i-4 

H 

w 

% 

H 

a 

H 

O) 

•-4 

H 

M 

3 

p< 

—.-4 

1/1 

-    t- 

** 

z 

-»o 

o 

o 

z  *- 

H 

O  h4 

z 

tri 

M      % 

u 

CD 

H  > 

M 

CQ 

<o  ai 

H 

M 

CD    U-l 

U 

14 

«  «-i 

nl 

en 

UJ        k 

at 

KO 

CH    US 

UM 

O 

H  O 

» 

u 

.— H 

«*  f- 

N 

H 

o 

J 

M       » 

^^ 

w 

to 

M    LQ 

03 

■s 

s» 

t-i 

nuo 

<-> 

uj 

z 

05  uj 

o 

Uj 

^^             T— 

-1 

w 

as   -3 

o 

N 

B 

«i     » 

^~ 

v> 

WM 

a 

C3 

ai  o 

o 

t4 

-.         -J 

z 

w 

^ 

H 

39 

o       cq 

3 

in 

O  -J 

o 

o 

•  —  «* 

o 

z     » 

o 

M 

»-  (N  fc-< 

n 

1/1 

u-i 

=? 

—  <_» 

*-» 

UUj 

T—     • 

^~ 

• 

«3 

f— 

•   m 

^- 

UJ 

Oj      »     » 

» 

fc 

«S 

» 

*  -j 

1 

•a  ti  r» 

c-i 

(M 

H 

f 

Ul  — 

<_» 

MM 

Bon 

UJ 

IN 

U3 

IN   MM 

UJ 

l-l 

t/i  u  e-t 

o 

CH 

i-i 

w 

ft  1-1 

t 

<ul 

~-  ac  •«» 

c 

•— - 

-4 

*5 

"—  ai 

US 

M 

•    — H 

H 

•^ 

t-l  «s 

«* 

33 

»  WW    «i 

MM 

*v 

- 

UJ 

«Ji  ti 

u-i 

MM 

*   H   E 

H 

S3 

* 

trH 

*3  M 

(-H 

S» 

1H« 

H 

US  <N 

M 

a)  i-4 

-^ 

fc4  "<  O 

ca 

O 

n 

05 

O  -1 

U« 

Z 

N.  31    kn 

3 

uj 

H 

uT 

Bl.    <_> 

M 

H 

* — 

Q 

< 

CM   j-»  "S 


MU 


s 

W 


W 
M 

to 
uj 

<< 

a 


U3 
W 
M 
Si 

pa 

•a 

03 


"^  O  CQ 

(_>  i-m  — >  . — .  «:   . — .  . — . 

U4     » i-  r-  H  <*)  <N  **        30 

»m*-OI»»-<N"  t-l  M 

o«s      »»»»»»         M  z 

"-a  p  n  3  oin  «- 

»MMVJOf«OOt-<  U«  II 

«5*cw-imj«^li-iM4xB  *-l  C-9 

— 1|II_IMU3MHW  O  «- 

«at-D3uaOCUu5U         •-  O 

u^uhiijui       -»       a 
I 

d 
M 
-4 


<N        ri 


U  U  O 


<N 


NUUU 


SH 

H 

H        M 

03 

•4 

Q        H 

ja^ 

© 

O 

O        O 

H 

r- 

w 

^                 4i^ 

O 

Q 

a 

Q        i-4 

wm 

u 

u 

a       » 

M 

V 

% 

»        « 

CQ 

^^ 

H 

H 

H  — H 

« 

H 

Q3 

«-! 

a  _o 

H 

O 

C3 

a 

Q  «-}  M 

O) 

r- 

Q 

a 

Q     »u3 

-~cq 

Qj 

* 

% 

»  M   OQ 

H  i-4 

Oj 

> 

> 

>  "—     » 

O  CQ 

» 

05 

-i 

03   03    > 

^     % 

H 

O 

o 

o  o  o 

-3    > 

Cu 

r- 

^ 

r-  t"  ^ 

CQ  O 

Oj 

a 

a 

a  a  uj 

V   ^ 

H 

a 

a 

a  q  Q3 

H  ►Jl 

P» 

% 

% 

»^*  % 

O)  CQ 

O 

> 

> 

>  «s  > 

P4     « 

r- 

09 

UJ 

US    Oj    a 

-4  > 

Qj 

a 

a 

OHM 

CQ  O 

Oj 

Q 

CI 

a  •*■  J 

kM 

% 

% 

% 

»  — .CO 

>   u3 

> 

m 

OB 

CQ    ^.      » 

O  04 

Oj 

09 

-3 

a  >->  09 

r-      % 

Oj 

o 

O 

o    » o 

►4  01 

% 

r- 

^ 

«-  M  ^~ 

03  O 

^^ 

US 

Ul 

(4 

M   — M 

%  fl^ 

T 

CJ 

u 

H 

U    u)    MJ 

9   >-) 

% 

w 

» 

» 

»o     » 

U  UJ) 

H 

a. 

09 

a 

T— 

05   r-    as 

M     » 

*•* 

Oj 

03 

i-4 

II 

UJ    (J     <_> 

-4   09 

US 

« 

W 

Q 

^ 

ul  U  OS) 

OJ)   <Jij^ 

a 

as 

Q 

a 

^ 

a  —  ■_) 

>WO 

a 

Qj 

* 

» 

^— , 

«4BQ 

05    -4    UJ 

* 

uj 

U3 

M 

^** 

uu     » 

VJ   U4  H 

--H 

• 

O 

O 

W 

OHO 

l-      »« 

1 

O 

r- 

r- 

N 

«-  ♦  -~ 

►4  O     » 

« 

^» 

ta 

ul 

^, 

H  j-.i-I 

uj  r-  cjt 

M 

UJ 

a 

Q 

s-' 

*-* 

^^ 

«    -»  OJ 

>h!W 

^^ 

Oj 

% 

» 

u 

^^ 

uj 

»n     » 

CQ   OJ   -4 

T 

-."J 

k 

05 

-4 

Qj 

n 

•S 

Q     »Oi 

CJ      »      » 

SB 

rj   « 

Uj 

US 

uj 

I 

% 

Oj 

ca  m  uj) 

uj  mot 

% 

*  U 

UJ 

US 

UJ 

uj 

H 

■** 

«  w»-i 

►J    WW 

CO 

M    ♦ 

% 

» 

,     » 

M 

^«* 

=C 

,     »UIU 

m  -j  i-i 

«s 

<**■  ^^ 

UJ 

1 

Oj 

•1 

Uj 

■ 

us 

—1 

JJ^ 

-) 

UJ    CJ        « 

•»  UJ)   OJ) 

U4 

«S    •"} 

^J 

C3 

* 

Z3 

%  Z3 

em, 

UJ 

uj 

UJ 

* 

■  O  ^*    UJ 

Uj     ~-   — 

H 

M«         * 

UJ 

M 

Uj 

n 

uj 

•1 

uj 

US 

"J 

i—i 

Uj     UJ     Uj 

MJ     UJ     UJ 

l| 

MH     (-« 

M 

— ' 

** 

'  *- 

% 

•— 

•+ 

UJ 

'  — •  US)    — 

VJJ 

»Hm 

^ 

u,   ■». 

aa 

US 

5u 

-J 

S 

3 

in 

UJ 

*-~ 

Q 

13   «-  JC 

=3 

Z     UJ     Uj, 

m  a 

uj 

C3 

CJ 

=3 

US 

D 

** 

Oj 

<5 

«C 

US 

O   <   D 

SB 

O   ^   M 

>-j 

UJ   U 

UJ 

Ul 

UJ 

'.') 

M 

ul 

O 

t 

uj 

UJ 

uj 

V»  "J   l/l 

"1 

o  n  i-» 

CM 

-1    Q   »- 

II 

-1 

II 

-J 

1! 

-1   O 

Oj 

II 

II 

H 

II 

>-)  H   u4 

Iri 

►4    -1   u3 

•— 

-1     II      II 

Uw 

►-I 

Oj 

►J 

Uj 

-4    II 

'-' 

Qj 

Cu 

II 

Oj 

•-3    II    i-4 

z 

uj    1-4    ul 

o 

*fl   CQ    «d 

=3 

< 

3 

< 

13 

«d  •< 

J- 

■« 

"S 

U 

O 

~i  u  «a 

O 

*t    <*\   «< 

<-l 

(J    Oj    ttf 

U( 

U 

Oj 

u 

UJ 

<j  as 

M 

Oj 

Ol 

Uj 

uj 

u  m  u 

o 

uuu 

Q. 

<t 

z 

K- 1 

t— 


o 

O- 


«joO»-        t-  »-  I-  i- 


o  o  o  o 


o  o  o  o 


mvor*coa)o»-(N 

»-  i-  i-  r-  t-  i\i(\|  (N 


oooouooo 


n*U1>or>OOcnO'-(Nr,3iflvOf,'3c'iOfN''l*lftvO 
(N  fN  (N  in  (N  in  (N  ci  n  *')  n  i*)  f*)  n  i*)  n  ro  9  9  ^  ^  ij*  9*  9* 

oo<->ooooooooooooooooooooo 


C-7 


oooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 

0)COtO<DO)IDa)a>OM7\OM7((JlWCrimm0100  0  00  00000'-'-f-(-l-»-^r"i»»-(NNrN|NN(NM(N(NN 

qouuuoouuuuuuouuuuuuuouuuouuuuouuooouuuuouoouuou 
qooooooooooooooooooooooooooooooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooo 


O 
hi 

a 

» 

% 

W 

H 

fN 

a 

H 

^M« 

M 

<^«  «*n  ■-*. 

\ 

H 

•4 

H  H  H 

• 

O 

-ktt 

Q  «  f-J 

« 

r- 

\    «. 

o  o  o 

W 

UJ 

\> 

»—  *■•  •— 

H 

Oj 

\o 

O  Q  Q 

03 

« 

m     V 

_a  «  « 

« 

H 

(/)  l-J 

H     »    »    » 

1 

CU 

v>  a 

OHHH 

(0 

Pi 

o    « 

•"OWh? 

kj 

**  > 

oi  a  a  a 

>J 

> 

a 

cu  a  a  a 

ca 

o 

58    W 

%   %   +   % 

^» 

o  ^ 

H  >  >  > 

a 

U! 

M  H 

UlUKM 

M 

Ul 

H     » 

fti  o  o  o 

a 

k 

M   03 

*  r-  «—  if— 

•j 

t» 

M  O 

>  uuo 

UJ 

ui 

V>  r- 

O  M  U   M 

M 

U4 

H    Hi 

n 

r-     »    »     » 

aa 

*-».     k 

H  M 

UJ 

Ul   J»    c»    p» 

««« 

«-k 

VI 

N« 

« 

> 

DiQKh!         -~ 

H 

r> 

•   o 

*»»  .— ■ 

.— »  <"k 

U   05 

r.; 

k  M   U   UJ          O 

k^ 

^^ 

V) 

.-*  r- 

«-k 

H  M 

o  r> 

ft   C 

UJ 

t»  U  «  «         i- 

> 

03 

f< 

as  at 

o 

*«■*  *^» 

k**  k-* 

w  w 

CO 

Dj      »     »     «         ^ 

— »Q 

^^Q 

55 

O   Ol 

«— 

>    l» 

ea  cc 

*=* 

M  >-» 

10 

ta 

Oj  03  05  09  — .  a 

H  O 

^  o 

^-^ 

n 

M     » 

M 

CXJ 

<_»«_> 

X 

m  t-t 

tH 

u 

«.  l_l    03    i-l   O     » 

"—  T— 

*^»  T— 

N 

•u 

«-■  u> 

a 

UJ  r- 

!*"-*  T- 

* 

« 

H) 

o 

B5  O  O  O   UJ  O 

s»  n 

03  U 

m 

o 

<C  Oj 

« 

^  *A 

u*  .-1 

n 

"1  O 

CO 

ca 

o 

O  «-  t-  «-  >-^  «- 

Q  Q 

a  a 

=t 

w 

S  Oj 

o 

w  ai 

OU   B3 

w  «- 

«; 

w 

o 

r-  q  q  Q  H  a. 

H 

w    I 

«     I 

VI 

55      k 

Tm 

1     1 

1       1 

w 

H  ►J 

t-i 

w 

r- 

OiU    U    U      kill 

ua 

Ul    ^» 

u  _ 

UJ 

UJ  o 

M  £-«  fr« 

— .  — * 

«■«■»  ^"* 

f-i 

cq  q 

H 

O 

Uj      v      »      *  Dj      » 

o 

1    H 

1   r> 

H-1 

UJ 

M  i- 

»UO 

M   M 

r) 

n  n 

QJ 

UJ      » 

»-) 

O 

fcH 

»  03    03    03   Qj   Q 

i— 

^.^  ^-* 

o 

^^  ^-^ 

on 

55 

t-J    Ul 

O  UJ  r- 

w  w 

■z. 

-■^  -^ 

— * 

^ 

cs 

•s  O 

i-( 

?5 

U 

P3   CJ   CC    M      »o 

EH 

« 

H  > 

55 

<-}   05 

^«« 

#-« 

«l 

^-^ 

«« 

•a  ui  ^» 

,— ^ 

»-  H  H 

E»   S» 

v 

«4    Ui 

7— 

Ul 

c-i 

n 

UJ    UJ 

«! 

«C 

O 

ui  i-l  i-l  u  cj  i— 

M 

t-i 

-'O 

% 

—  C3 

f— 

o 

t-i  n 

r- 

-1 

k  ^" 

o 

(-1  IU   U-l 

M 

t_*0 

P3 

uo 

1~ 

U) 

c 

cm 

-    i-l 

uuuuuu 

1-1 

1 

H 

P»  r- 

U3 

Lb   »— 

T— 

r» 

w 

i— 

r^ 

* 

IS  w 

r»1 

m  i    i 

53 

UJ   T~ 

«S 

m  «- 

k 

& 

» 

k 

»  u 

fcH 

o 

o 

— '  ~"  —  ~"  U  U) 

UJ 

t-< 

«. 

Ul    Ul 

«B 

UJ    Ul 

k 

* 

« 

% 

% 

k  UJ    Ul        k 

k 

—  in  k-t 

•* 

1-1  >-l 

UJ 

•-4    M 

t-> 

CI 

r^ 

fc-t 

r^  — 

la 

M 

t 

M   ul   m   H    '-■• 

1 

o 

« 

Ml    UJ 

UJ 

Ul    Ul 

f 

in 

r- 

t-< 

t-i 

sr 

M    "—  M 

t-1 

UJ    l_»  O 

i— 

II   II 

M 

II       II 

o 

a 

ri 

l_> 

l\l    t*4 

M 

ItJ 

|X4    UJ    UJ    UJ    UJ    UJ 

f 

•— 

r- 

II     II 

UJ 

II      II 

ZD 

a 

•T) 

u> 

CJ 

oi 

w  w  □ 

UJ 

Ul  UJ  »- 

H 

—.  -k  UJ 

M 

— k  ~k 

UJ 

u 

L-l 

e-i 

o 

CI    ►-( 

UJ 

59 

«5 

>s>  >  i>  mm 

fcJJ 

i-M 

II 

— .  ^»UJ 

II 

~~.  -— * 

UJ 

<U 

<w> 

C-l 

<J 

(_> 

t-l 

ID    H    U 

Ul 

m  H   M 

H 

HMD 

rj 

o  m 

D 

3C 

2G 

^-^ 

SEJ 

—  cu 

Ud 

UJ 

1 

55   55    55    53   U4   Ut 

Ut 

UJ 

n 

H  M  3 

T 

T   T 

C3 

JG 

aj 

^*- 

SJ 

t; 

*^ 

"C  UJ   sq 

JU 

M    II      II 

fO 

— «  «■»  55 

3- 

*-*  ^* 

55 

■ — 

■■* 

H 

H   "* 

EC 

tu 

O   VJ    VJ    V_/    M    M 

II 

II 

o 

— ■  ~—  55 

T— 

—  •— 

i5 

*-* 

*— ' 

tH 

** 

E-l 

oj  «s  "r" 

*—• 

UJ  f<   «H 

'_» 

t»    J»    1-1 

<j 

uj   aq 

l-H 

LU 

"J 

«! 

UJ 

«w   f* 

t» 

M 

VJ 

U   U    U    U   W   l_| 

e-( 

t-< 

<_» 

;»   ^   r^ 

<_J 

U4    LQ 

r-l 

UJ 

►*j 

^a 

U4 

UJ 

«B 

f«  uj 

UJ 

>-»  o»o 

CN 

UIOH 

fN 

Ol  o 

t-l 

fc-« 

fcH 

55 

H 

^!  <-> 

O 

55 

_j    _1    _)    i-l    M    _J 

c»  o 

o 

UOH 

o 

<_»o 

L-J 

tn 

H 

n 

trl 

t-< 

S3 

UiJH 

H 

►4     ttj    T- 

*~ 

W  «-    55 

«— 

UJ  n- 

i5 

H 

H 

as 

M 

14   hJ 

II 

% 

•^ 

i-J   ^    J    >-J   .-3   t-J 

w 

7— 

r*l 

rq  •-  55 

m 

W  i- 

55 

i-i 

M 

cu 

M 

M 

OS 

55    i-J    H 

M 

«S  .-J  .-1 

O 

^^io 

O 

-1   -J 

o 

uq 

OS 

o 

« 

o  «: 

HI 

H 

Al 

«3!   «3    ^   *C   <fl   *X> 

-J 

►J 

O 

MiJO 

o 

►-»     -J 

o 

« 

C5 

o 

iq 

«i 

O 

**    «S     03 

Oj 

U  Q  « 

« 

Q  U  U 

n 

Q 

<=)   Q 

3 

j: 

u-l 

3 

W4     U 

O 

55 

Ui 

O 

pj 

M 

U  U  U  W  <J  u 

Q 

O 

UJ 

uj  Q  U 
O 

Q 

Q  « 

o 

*— 

2 

X 

Ul 

J6 

3 

Uj 

^s 

o 

o 

H  H 

o 

o 

fN 

fN) 

m 

ro 

o 

o 

o 

*— 

r— 

•" 

in 

fN        U 

(J 

u  u 

CO 

ro 

r^ 

r^ 

<: 

o 

u- 1 


o 

q_ 


r-COCT»0»-fMr-|3-mvor~COCT>0'—   IN"! 

49  ^inuiinuiuiinminuiin  «ioto<o 


0C3C3tJ0OC3C30C30OC300O0 


3m>Or*tO!nOr-f>|inainvOP«cOWOr'(Nni*invO 

vo««>o*vofsr>r^i->i^r»r^r»txr>oococcicocouuu; 

OOOOCJOOOOOOOC30CJOOOCJOOUC3 


r-  c»  o> 

UO  CO  CO 


C-8 


o  o  o  o 

O  O  o  o 

o  o  o  o  o 

o  o  o  o 

o  o  o  o  o 

o  o  o  o 

o  o  o  o 

o  o  o  o 

o  o  o  o  o 

o  o  o  o 

o  o  o  o  o 

o  o  o  o 

O  r-  (N  ro 

aui«r» 

oomO'-iN 

ro  cr  in  vo 

r»  co  en  o  «- 

cn  m  =»  in 

n  n  ci  n 

rn  rn  rr>  m 

nriaa'^ 

»  :ar  ^  3- 

;*  ;r  :»  m  in 

in  in  in  in 

<N  CN  IN  CN 

CN  CN  CN  CN 

CN  CN  CN  CN  CN 

CN  CN  CN  CN 

CN  <N  CN  CN  CN 

CN  CN  CN  CM 

ouoo 

uooo 

oooou 

ooou 

O  O  <J  CJ  O 

uuuo 

o  o  o  o 

o  o  o  o 

O  O  O  O  O 

o  o  o  o 

o  o  o  o  o 

o  o  o  o 

o  o  o  o 

o  o  o  o 

o  o  o  o  o 

o  o  o  o 

o  o  o  o  © 

o  o  o  o 

oooooooooooo 
oooooooooooo 

mininmvo^ovovovo^ovo*© 

CNCNCNCNCNCNCNCNCNCNCNCN 

uuouuuoauouu 
oooooooooooo 
oooooooooooo 


_» 

^ 

— .— » 

\ 

^^ 

H 

e« 

\H 

H 

Q 

o 

-    >A 

« 

M 

o 

-»T* 

03  O 

w 

o 

«— 

\-» 

MM  r- 

M 

*- 

fa 

Q 

\o 

H  Q 

03 

Q 

CO 

a 

\    » 

«  (9 

03 

ca 

CN 

b 

-    H 

U     fa 

■a) 

« 

H 

H 

v>  o» 

«<  H 

cq 

H 

\ 

Q 

V)  W 

PQ  _» 

« 

Q 

O  ^ 

Q 

Cm 

Q 

W 

a 

i-4  Q 

MM  O 

O 

a 

w 

* 

fa 

O     » 

« 

H 

> 

»  > 

> 

H 

> 

W 

Q 

o  o 

H  hJ 

rr; 

« 

Be) 

o 

M  1- 

ft.  O 

O 

o 

«1 

¥— 

H  -i 

w  »- 

M 

^» 

PQ 

cn  a 

i-4  Q 

a 

CB 

o 
a 

tM 

s> 

0)  > 

•  f     fa 

il 

» 

PQ 

> 

as  a 

H  W 

e-i 

> 

Q3 

a 

Q 

►J 

S3  Q 

a 

Q 

MM 

a 

Q  U 

MM  « 

WJ 

a 

Q 

* 

J     fa 

8     % 

S3 

« 

f-4 

ca 

w  cq 

u  at 

C3 

03 

U4  —■ 

« 

HO 

U4  h) 

MM 

pa 

M   N 

o 

WM  »- 

</j  o 

m  O 

DCS   - 

v 

H 

»- 

r- 

VI   -^ 

o 

M  M 

MM  U 

UJ 

C-l 

as  q 

W     fa 

as  q 

a 

a 

to  o 

% 

M  Bfl 

«4     fa 

«! 

fa 

t-l   M 

w 

P3   <J« 

»)  oa 

H 

M 

•Z   trt 

Q 

«  M 

■-4 

03 

«■« 

MM  «S 

a 

«Hl<fa 

^^ 

a  a 

^^ 

Q 

O 

X 

u  o 

w 

m  m  >» 

X 

»4  M 

N 

KM 

u 

■ 

O    21 

fa 

«  » 

a 

a    « 

» 

Q 

fa 

in 

IT)    H 

a 
o 

B  O  VO 

O    T- 

f-» 

»3  h4 

w  o 

00 

t-J 

03 
O 

w 

H 

^~ 

Si-IW 

w 

H  *- 

BJ 

M 

w 

►j 

MM    «J 

Q 

M   O   i-l 

f-1 

ac  a 

•-« 

33 

a 

CO 

33 

a 

.x    fa  ca 

03 

en  a 

03 

tn 

a 

•a 

^^ 

,  <   W 

* 

^-^ 

.^ 

-~ *. 

rn 

■s  o  «I 

^** 

«n 

^a. 

,ss     fa 

J—^ 

"S 

^=k 

,  iS 

fa 

H  r» 

^~ 

i-)     WJ 

a 

r= 

CM 

rn 

fN 

*J  w  t-t 

?=- 

TN) 

fc-i 

ro 

n 

a  i-4 

i— 

W 

t-i  n  ui 

o 

03 

• 

r- 

n 

»     »1 

C_l 

r— 

^- 

t- 

-      t-i    <• 

ff— 

"1 

» 

r- 

n 

-    t> 

5== 

n 

* 

«— 

m 

•» 

C-l 

% 

fa 

% 

»  La 

u 

fa 

fa 

fa 

« 

.      fa  «       fa 

^ 

fa 

fa 

fa 

■    fa  t-i 

fa 

fa 

* 

« 

* 

fa 

t-l 

r» 

f 

t-i 

=r  ut 

*^ 

t-s 

t-i 

t-l 

t-l 

"1  —  r^ 

e-< 

t-l 

i— 

t-i 

ti 

O   "— 

t~l 

t-i 

I-* 

tH 

t-i 

CJ 

***• 

rn 

3 

CD 

IN  «u 

tM 

o 

£-> 

a 

3 

IN    MM    !■»"» 

£3 

U> 

rn 

o 

o 

IN    MM 

a 

13 

<'i 

C3 

o 

(N 

MM 

t-i 

<-> 

<_i 

e-l    LU 

i-l 

u 

<_> 

<_> 

<_> 

M    >-J    t-< 

i_> 

O 

ft 

•-J 

>_) 

en  t-l 

•*j 

o 

tn 

L-I 

<_> 

c-« 

►^   O 

LM 

»-» 

au 

33 

fa^ 

CO 

a; 

B 

3G 

23 

<—  aq  — 

JC 

E 

fa- ' 

E 

K 

w  ai 

S3 

E 

fa^ 

ZJ 

1Z 

"— » 

UJ   O 

O 

H 

"•* 

'  t-i  aa 

•a? 

-=•- 

— 

*-' 

H  <  t-l 

^^ 

— * 

H 

*— ■ 

h  «: 

-■* 

■■^ 

t-i 

fa*i 

1  t-l 

•B   O 

a 

«B 

LM 

um 

«i  t-i 

t-l 

"■i 

LM 

MM 

LM 

«1    tH     "» 

tM 

uu 

ad 

tM 

UJ 

«i  t-i 

tM 

p--i 

=G 

tM 

H4 

-a. 

t-l   «~ 

i-i 

js 

H 

fcH 

s  m 

l-J 

t-i 

t-l 

fc-1 

M 

»  i-l   s 

W 

H 

K 

w 

H 

E  t-4 

t-l 

t-l 

C 

H 

t-l 

SC 

►-1   O 

fr-i 

03 

M 

M 

03    3 

►J 

M 

M 

H 

H 

05    H-l    U3 

H 

H 

cc 

l-f 

I-l 

03   i-l 

l-i 

H 

03 

M 

M 

OS 

-1  £-• 

z; 

O 

03 

ad 

o  — 

«« 

ca 

« 

P5 

CO 

O  "1  U 

03 

« 

O 

03 

03 

O  «) 

CO 

03 

O 

U3 

Q3 

O 

«:  O 

O 

CM 

Ji 

3B 

MM  » 

(-> 

JB 

OS 

3t 

3 

PM  U  mm 

3 

J 

MM 

3 

3 

ML,    U 

3 

^ 

u< 

X 

IX 

MM 

U  o 

u 

cn 
cn 

o 

^« 

CN        CN 

tN 

n 

tf 

m 

a> 

n 

<n 

«-      pfa 

n 

n 

m 

m 

a. 

CN        — . 

T-  I© 

fa^H 
^>       ^-  — .o  o  ^ 

O  O  O      •      •      fa 

I  I     I  o  o  o 

vu  »-»  NJ  vu  r-  »—      | 

MM    (N    MM    tM    MM    MM  N\l 
rn    (-(  iT   (N  rr)  Ul   MM 

tH  WriH  HHM 

r-tn  «q    *u    «J    «ti    ^14    «j    «q 

OiECBBEEa 
0030303030003030. 

tMOOoooooas 

cnuMpMLMMMMMMMlViUM 


?•  in  n  ^  m  >o  r» 


z: 
on 

i— i 

l— 

LO 

t—i 

_J 

crs 
o 

q: 


oi-Nm 
cn  cn  cn  cn 


o  o  o  o 


^in^r^cocno«-rsrnj*invar^ro'^o^(Nrn»in>J3r^rocnOt-rNrn*in\0 

JWUlolUI8«OOOOOOOOOOi-'''''"r'"r'"'"'*ININ[NCNNfN(N 
I—  r-  r-  I—  t—  r-  (H  <N  CN  IN  CN  <N  rN  CN  IN  CN;  tN  IN  CN  IN  CN  IN  <N  in  IN  l  N  IN  CN  CN  <N  CN  IN  CN 

ooot>ooooooooooo«->ooooooooouooooooo 


C-9 


C.4  BLOCK  DATA 


PURPOSE: 

SUBPROGRAMS 
USED: 


To  store  constants  used  by  the  program 
None. 


VARIABLES:    A(I);    The  constant  term  in  the  log-speed  relation  for 

the  vehicle  reference  energy  mean  noise 
emission  level 
A(l)  denotes  automobiles 
A(2)  denotes  medium  trucks 
A(3)  denotes  heavy  trucks 
A(4)  denotes  user  defined  vehicle 

B(I);    The  coefficient  of  the  log(S)  term  in  the 

relation  for  the  vehicle  reference  energy  mean 
emission  level.  Subscript  identical  to  A(I)  above, 

DO;     The  reference  distance  for  the  vehicle  reference 
energy  mean  emission  level.  Set  to  15.2  m. 

DC;     The  criterion  distance  for  observer  closeness 
to  a  barrier.  Set.  to  0.5  m. 

ZAP(I);  The  x,y,z-coordinates  and  length  (1=1,2,3,4  res- 
pectively) of  a  unit  vector  in  the  z  (vertical) 
direction 
tt  =  3.1415926  " 


PI; 

M1.M2; 

IN,M0UT;  The  input/output  device  for  read/write  statements. 


The  alphanumeric  labels:  L  Q  and  L-^g 


RESTRICTIONS:  None 


SIZE 


REFERENCES: 


None, 
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Line 
0015/0083 


0084 
0085 
0087/0092 


u  a  ii 


0094 


0095 


0096/0112 


READ,  EDIT  &  PRINT 
t  Initialization  Parameters 

•  Barrier  and  Lane  Geometry 

•  Traffic  Flow  and  Sound  Level  Adjustment 


i 


0113 


0114/0115 


READ  TITLE  CARD 

T 


READ  RECEIVER  LOCATION/ALPHA  CARDS 


I 


INITIALIZE  SOUND  LEVEL  ARRAYS  TO  ZERO 
SUBROUTINE  ZERO 


CALCULATE  ROADWAY-BARRIER-RECEIVER 
GEOMETRY  SUBROUTINE  SETUP 


CHECK  FOR  RECEIVER  CLOSENESS 
TO  BARRIER.  IF  TOO  CLOSE,  PRINT 
MESSAGE  3  AND  STOP  EXECUTION 


I 


CALCULATE  RECEIVER  Leq  &  Liq  WITHOUT  BARRIER. 
PRINT  TABLE  1 . 


NO 


IBAR=1 


YES 


IBAR=0 


ADD  VEHICLE  SOURCE  HEIGHTS 
FOR  DIFFRACTION  CALCULATION 


®Q 


<*> 


FIGURE  C-2.  MAIN  PROGRAM  FLOW  DIAGRAM:  SNAP  1.0 
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©0 


0116/0144 


0145/0162 


.0163 


0164/0167 


0168/0179 


0180/0186 


0187/0193 


0194/0200 


0201/0207 


0208/0214 


0215 


i 


CALCULATE  RECEIVER  Leq  &  Liq  WITH  BARRIER, 
PRINT  TABLE  2 


CALCULATE  BARRIER  FIELD  INSERTION  LOSS. 
PRINT  TABLE  3 


NO 


N0P=1 


NOP=0 


CONVERT  RECEIVER  INTENSITIES  TO  LEVELS  FOR 
TABLE  4  THROUGH  8  DATA  SUBROUTINE  CONVER 


CALCULATE  SOUND  LEVEL  DIFFERENCES  FOR 
BARRIER  FIELD  INSERTION  LOSS 


PRINT  TABLE  4 
SHIELDED  LANE  SEGMENTS:  WITH  BARRIER 


PRINT  TABLE  5 
SHIELDED  LANE  SEGMENTS:  WITH  BARRIER 


PRINT  TABLE  6 
MAXIMUM  BARRIER  FIELD  INSERTION  LOSS 


PRINT  TABLE  7 
UNSHIELDED  LANE  SEGMENTS  ON  LEFT 


PRINT  TABLE  8 
UNSHIELDED  LANE  SEGMENTS  ON  RIGHT 


READ  NEXT  RECEIVER  TITLE  CARD 
IF  CARD  IS  ABSENT  STOP  EXECUTION 


FIGURE  C-2.  MAIN  PROGRAM  PLOW  DIAGRAM:  SNAP  1.0 
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APPENDIX  D 
SUBPROGRAM  DESCRIPTIONS 

For  the  user's  reference,  this  appendix  describes  the 
subprograms  used  by  SNAP  1.0.  Subroutines  are  listed  followed  by 
functions.  Subroutines  are  listed  in  alphabetical  order. 
Functions  are  listed  in  alphabetical  order. 
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D.l  SUBROUTINE  ADDV(A,B,C) 


PURPOSE: 


SUBPROGRAMS 
USED: 


To  add  the  components  of  two  vectors  (A,B)  and  to  cal 
culate  the  length,  C(4),  of  the  resultant  vector  (C) 

D0T(A,B),SQRT(X) 


VARIABLES:    A(I),  B(I)  (1=1,2,3);  the  components  of  the  two  vectors 
to  be  added. 

C(I)  =  A(I)+B(I);  the  components  of  the  resultant  vector. 
C(4);  the  length  of  the  resultant  vector. 


RESTRICTIONS: 


This  subroutine  considers  three  dimensional  vectors  as 

follows: 

1=1     x-component 

1=2    y-component 

1-3    z-component 

1=4    length  of  vector 


SIZE: 


462 


REFERENCES:    None. 


0001 


SCEROUTINEAEEV(A,E,C) 


0C02 
0CQ3 
0004 
0CO5 


0C06 
0007 
0C08 


C  AED  2  3-VECTOBS 
C 


DIMENSIONA(U)  ,E(4)  ,C  (4) 
_B  0!  00.1 1  j=JLx3 


C(I)=A(I)+B(I) 
100  1   CCNTINUE 


C  (4)=SQET(DOT  (C<1)  ,C(1))) 

_B  IT U  R N 

END 
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D.2  SUBROUTINE  CONVER(AR,A10R,AV,A10V,AT,A10T) 


PURPOSE: 


SUBPROGRAMS 
USED: 


To  convert  intensity  ,10  '   ,  to  a  level,  L,  for  accu- 
mulation arrays  AR,A10R,AV,A10V  and  the  totals  AT,A10T. 

APT(X) 


VARIABLES:    AR(J)  -  The  l_eq  contribution  from  roadway  J 

A10R(J)  -  The  L]q  contribution  from  roadway  J 

AV(I)  -  The  Leq  contribution  from  vehicle  type  I 

A10V(I)  -  The  I_iq  contribution  from  the  vehicle  type  I 

AT  -  The  total  Leq  value  of  the  receiver 

A10T  -  The  total  L-|q  value  at  the  receiver 

RESTRICTIONS:  None 


SIZE: 


678 


REFERENCES: 


None 


0001 
0002 


0003 
0004 
0C05 
0006 


0007 
0C08 
0009 
0010 


0C11 
0012 


0013 

ocm 

0015 


SIBROUTINECONVEB(A£,A10B,AV,A10V,1I,A10T) 
C CM MON/C/XO  (3 ) ,NI,KJ,IBAB 


DIMENSION A V  (4) , A  10V  (4)  ,AB  (13)  ,A10B  (13) 
DO1001I=1,NI__ 

AV  (I)  =APT  (AV(I)) 

A  1 0 V ( I ) =A P TJA 10V  (I)) 

100  1      CONTINUE  ' 
D  C  1 0  0  2  J  =1 B  A  R ,  N  J^ 

AR~(JJ  =APT  (AB(J)  ) 

_A  10B  ( J)  =APT_(AJ0B  (J)J 

"100  2      CCNTINUE 

A1=APT  (AT) 


A10T=APT(A10T) 

BETURN 

INB 
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D.3  SUBROUTINE  DIFF(A,B,C) 


PURPOSE: 


SUBPROGRAMS 
USED: 


To  calculate  the  difference  of  two  vectors  (A,B)  and  to 
calculate  the  length,  C(4),  of  the  resultant  vector  (C), 

DOT(A.B),  SQRT(X) 


VARIABLES:     A(I),  B(I)  (1=1,2,3);  the  components  of  the  two  input 
vectors 

C(I)=A(I)-B(I);  the  components  of  the  resultant  vector, 
C(4);  the  length  of  the  resultant  vector 


RESTRICTIONS: 


This  subroutine  considers  three  dimensional  vectors  as 

follows: 

1=1     x-component 

1=2    y-component 

1=3    z-component 

1=4    length  of  vector 


SIZE: 


462 


REFERENCES: 


None 


0001 


0C02 

0004 

_C_C0_5. 

0006 

0007 


CC08 


SCBBOUTINEDIJf (A,E,C) 


C   CALCULATE    THE    DIJEEREKCE    CE    2    3-VECTOES 
C  


DIMEN5I0NA  (4)  ,B  (4)  ,C(4) 
Jifl.t.0OJX=l»J _ 


C(I)=B(I)-A(I) 
100  1      CONTINUE 


C  (4)  =SQET  (DOT  (C  (1)  ,C  (1)  )  ) 

_E  ETOEJH 

END 
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D.4  SUBROUTINE  DIFFB(A,B,C) 


PURPOSE 


To  calculate  the  difference  between  two  arrays  (A,B) 


SUBPROGRAMS 

USED:        None. 


VARIABLES:    A(I,J),  B(I,J)  input  arrays 

C(I,J)=B(I,J)-A(I,J);  the  resulting  difference  array 


RESTRICTIONS: 


Subscript  I  denotes  a  vehicle  type 

Subscript  J  denotes  a  traffic  lane 

Dimension  statements  restrict  usage  to  a  maximum  of 

four  (4)  vehicle  types  (NI=4)  and  12  traffic  lanes  (NJ=13) 


SIZE: 


514 


REFERENCES: 


None. 


0001 


SCBROUTINEDIFPE(A,E,C) 


0002 
0003 


ocou 

0005 


0006 
0C07 


0008 
0009 


C    SCBTRACT    MATRIX    A    FBCH 
C 


CCMMON/C/XO(3) ,NI,SJ#IBAR 
_P_IME  NS IONAJ4.13}  ,E  (4,13)  ,C(4.  13) 


DC1001I=1rNI 
_D  CI  001J=IEAR>NJ 


C{I#J)=B(I,J)-A(I,J) 
1001 CCNTINJJE 

BETURN 
END 
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D.5  SUBROUTINE  DII  FRA 
PURPOSE: 


SUBPROGRAMS 
USED: 


Performs  diffraction  calculations.  DIFFRA  sorts  each 
lane  into  one  of  six  categories  and  determines  whether 
a  diffraction  calculation  needs  to  be  performed.  It 
then  calculates  the  Leq  with  or  without  diffraction,  as 
the  case  may  be,  and  returns  to  the  calling  program". 

ALEQ,  SQRT,  ADDV,  DIFF,  ANGLE,  DIF,  DOT 


VARIABLES: 


I  Vehicle  Type 
J  Lane  number 
Subroutine  Parameters 

A01(J)   "Left"  angle  of  lane  J 

A02(J)   "Right"  angle  of  lane  J 

PHI1     Lower  Limit  angle  of  integration 

PHI2    Upper  limit  angle  of  integration 

P0(K,J)  Vector  normal  to  lane  J  from  receiver 

Q0(K,J)  Q0=P0(J)+H(I)  Vector  normal  taking  vehicle 

height  into  consideration 

R0=X0+Q0  Coordinates  of  the  end  point  of  QO 

S0=R0-Z0  Vector  normal  from  lane  J  to  barrier 

DELTA= | PO |  +|S0|  -  | QO | 

Z2=cos"1  (ZAP,  QO) 


R0(K) 
S0(K) 
DELTA 
Z2 


Output  Parameters 
DDD 


DDL 
DDR 
PP 
PB 


See  MAIN  Program  variable  list 


]0Leq/10  for  vehicle  I,  lane  J  with  barrier 
installed 


RESTRICTIONS:  None, 


SIZE: 


2172 


REFERENCES: 


None, 
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0CO1  StDKOUTlt.'tDIFEHA  (I, J) 

C 

C    DIVIDE    LAKES    INTO    SHIEIEEE    AND    UN5HIEIEEE    SEGHENTS 

C    CALCULA'iE    LLQ    EBCM    EACH    SEGMENT    IKDIVIEUAILY 

C 

CC02  CCIlilON/C/XO  (3)  ,NI,hJ,IEAB 

0C0  5  CCiiWOW/EE/ZAE  (4)  ,  E1,1FI,  Z  1 ,X2  ,X3  ,  X  1 ,  DIE  (4  ,  13)  ,DDB  (4,  13)  ,  DDL  (4, 13) 

CC04  CCMM0N/G/LELTA,FHI1,EFI2,EF(4,13) 

CCC5  CCiitiON/h/Xit  1  (3,  13)  ,XB2  (3,13)  ,K(4)  ,EC1  (4,  13)  ,002(4,13)  , 

1DB  (4,  1j)  f  AG1  (13)  ,AC2  (13)  ,PC(4,13)  ,CC  (")  ,ZC(4)  ,PB 

CC06  DlllENoIONBO(4)  ,  SO  (4) 

CCC7  IF  (A02  (J)  .GT.A01  (  1) . ANE. A01 ( J)  .LI- AC  2  1 1) )  GOTO  1005 

CC06  FK11  =  AC1(J) 

CCOS  PiJI2=AC2(J) 

CC1C  FL=ALEC.  (I,J) 

CC11  IE  (A0  2  (J)  .LE.A01  (1))  EEL  (I,J)=EB 

CC12  IE  (A0  1  (J)  .GE.A02<1))  EEB  (1,J)=EB 

CC13  EE'iUhN 

CC 1 4  1005      CCIJIISUE 

CC15  DC1004K=1,2 

CC16  gc (K) =FC (K,J) 

CC17  1004      CCM1NUE 

CC18  C_C(J)=FG  (3, J)  *H  (J) 

CC  19  QC(4)=Sghl  <DC1  (tC  (1)  ,C0  (1))) 

CC20  CALLADDV (XC,CC,EC) 

CC21  CAILDIFE  (ZC,BC,SC) 

CC22  DELTA  =  P0(4,  1) +S0  (4)-CC(4) 

CC23  Z2=ANGLE(ZAP,C0) 

CC24  IE  (Z2.GT.X1) DELTA=-DELIA 

0C2  5  II  (A01  (J).LE.A01  ( 1)  .  MIC.  A02  ( J)  .GE.  AC  2  |1))  GOT0 1001 

CC2  6  IE  (A0<:  (J)  .LE-A02(1).ANE.A01(J).GT.AC1  |1))  GOTO  1002 

CC27  IE  (A01  (J)  .IT.A01  (1))GCI01C03 

CC28  Plil1  =  AGl(J) 

CC29  PH12=AG2(1) 

CC30  PE  (I,J)=ALEg(I,J) 

0C31  PE  =  D1F(1,J) 

0C3  2  IE  (PO  (4,  J)  .LE.PO  (4,1))  EB=PP(I,J) 

CC33  DEL(I,J)=PE 

CC34  PII11  =  A02(1) 

CC35  PHa^=A02(J) 

CC36      -  DEtv  (1,J)=ALEG.  (I, J) 

CC37  EE1URN 

0CJ8  100  1      CCi.'IINUE 

CC3S  FH11=A01(1) 

CC40  '    PHI2=AC2(1) 

CU1  PF(1,J)=ALEQ  (I, J) 

CC42  P2=DIE(I,J) 

0C43  IF(P0  (4,  J)  .  LE.PC(4,1))PB=PF(I,J) 
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CC44 
CCU5 

ccue 

CC<47 
CCU8 

ecus 

0C50 
CC51 
CC52 
CC53 
CC5<4 
CC55 
CC56 
CC57 
CC58 
CC5S 
CC6C 
CC61 
CC62 
CC65 
CC64 
CC65 

ccee 

CC67 
CC68 
0C6S 
CC70 
CC71 
CC72 


100; 


1005 


DED 
PHI 
PHI 
DC! 
PHI 
Jriil 
Dili 
RET 
CCiJ 
PHI 
PHI 
PE{ 
FE= 

i*< 

DID 
bET 
CCN 
PHI 
PHI 
PP( 
PE= 
II  ( 
DCD 
PHI 
PHI 
DEL 
PE  = 
BET 
END 


(1,J)=Fd 
1  =  A01  (J) 
2=A01  (1) 
(1,J)=ALEC(I,J) 
1  =  A02(1) 
2=A02  (J) 

(I,J)=AL£C(I#J) 

URN 
TINUL 

1  =  A01  (J) 

^=AC2(J) 

I,J)=AIEQ(I,J) 

DIF  iI/J) 

tO(^,J)  .LE.PC(U,1))  PE=PP(I,J) 

(I,J)=FB 

URN 

T1NUE 

1  =  A01  (1) 
2=AC2  (J) 
1,J)=ALEQ(I,J) 
DIE  (1, J) 

P0(4,J)  .1E.P0(«4,1))PB=PP(I,J) 

(I,J)=PB 

1=AC1 (J) 

2  =  AC1  (1) 
(I,J)=AIEQ<I#J) 
PB+DDL(I,J) 

URN 
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D.6  SUBROUTINE:  LLL 


PURPOSE 


To  calculate  the  vehicle  reference  energy  mean  emission 
level,  L  ,  as  a  function  of  travel  speed  on  a  traffic 
lane  and  constant  sound  level  adjustments. 


SUBPROGRAMS 
USED: 


ALOGIO(X) 


VARIABLES: 


RESTRICTIONS: 


Subscript  J  denotes  a  travel  lane 

Subscript  I  denotes  a  vehicle  type 

A(I),  the  constant  term  in  the  vehicle  sound  level 

function  for  vehicle  type  I 
B(I),  the  coefficient  of  the  log-speed  term  in  the 

vehicle  sound  level  function  for  vehicle  type  I 
ALO(I),  the  vehicle  reference  energy  mean  emission 

level,  dB,  for  vehicle  type  I 
S(J),  the  average  travel  speed  on  the  Jth  travel  lane 
AA  (I,J),  the  constant  sound  level  adjustment 
The  subroutine  considers  a  relationship  between  the 
reference  sound  level  and  the  vehicle  speed,  S,  in  the 
form  l_0  =  A+Blog(S) 

The  appropriate  units  depend  upon  the  numerical  values 
for  A  and  B.  Metric  units  are  used  (i.e.,  S  is 
expressed  in  km/h). 


SIZE 


470 


REFERENCES 
0001 


CC02 
CC03 
0004 
CCO^ 
CCOS 
0C07 
0C08 
0C09 
0010 
0011 


None 


SOBROUTINELLL 


C  CALCULATE  LO 
C 


1001 


CCflMON/BETA/A  (^)  ,E  (4)  ,DC,AA(U,13) 

CCMMON/CAT/XO  (3)  ,NI,NJ,IBAR 

CCMMON/EINS/S  (13)  ,T,E0,ALO  (4,13)  ,N(4,  13) 

DC1001J=IEAR,NJ 

X=ALOG10(S(J) ) 

DC1001I=1 ,NI 

AIO  (I,  J)  =  A  (I)  +B  (I)  *X*AA  (I,  J) 

CONTINUE 

RETURN 

END 
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D.7  SUBROUTINE  MESS1 


PURPOSE: 


SUBPROGRAMS 
USED: 


To  print  the  error  message: 
"LANE  X  IS  NOT  PARALLEL" 
and  to  terminate  execution 

None 


VARIABLES: 


J,  the  traffic  lane  number 


RESTRICTIONS:  Once  the  message  is  printed,  the  execution  of  the 
program  is  terminated. 


SIZE: 


358 


REFERENCES:         None 


0001 


0002 

0C04 
0005 


0006 
0C07 


0008 


SCBE0UTINEMESS1 


C    If   LANES    ARE    NOT    EARAI1EL,    STOP 
C  


CCMHON/A/I, J,M1,M2,IN,MOUT,ITITLE(10) 
SS  £S  MO  N/C/  XO  (3)  f  NI,KJ.IBAB 

J2=J-H-IEAB 

J  BITB(M0UT,1) J2 


FCRI1AT(»0IANE,,I3,,    IS    NOT    PAEALIE1V) 

.SIOP 

END 
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D.8  SUBROUTINE  MESS  2 


PURPOSE 


SUBPROGRAMS 
USED: 


To  print  the  error  message: 

"LANE  X  IS  TOO  CLOSE" 

and  to  terminate  execution 

None 


VARIABLES: 


J,  the  traffic  lane  number 


RESTRICTIONS:  Once  the  message  is  printed,  the  execution  of  the 
program  is  terminated. 


SIZE: 


358 


REFERENCES:    None 


0001 


SIBB0UTINEMESS2 


C  If  LAKE  IS  TOO  CLOSE  TC  OBSERVER,  STOP 
C 


0002 
0QQ3 


0C04 
QQQ5 


0006 
QC07 


0008 


CCMMON/A/I, J,M1,M2,IN,H0UT,ITITLE  (10) 

_C_Ctf  M0N/C/X0(31  fNIfSJfIBAB 

J 2= J+ 1-1 BAR 

WRITE (M0UT,1) J2 


FORMAT (•0LANEI,I3/I    IS    TOO   CLCSE1/) 

_S  %Q2 

END 
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D.9  SUBROUTINE  MESS3 

PURPOSE:      To  print  the  error  message: 

"OBSERVER  TOO  CLOSE  TO  BARRIER" 
and  to  terminate  execution 

SUBPROGRAMS 

USED:        None 

RESTRICTIONS:  Once  the  message  is  printed,  the  execution  of  the  program 
is  terminated 

SIZE:         322 

REFERENCES:         None. 


OG01  SCBROUTINEMESS3 


C    IF   OBSERVER    IS    TOC   CLCSE   TC    BARRIER,    SICE 
C 


0002  CCMMON/A/I,J,H1,M2,IK,HCUT,ITITLE(10) 

0003 W_RITE_(  flO_U  T^J 

0004  1  FORMAT^  0~CESERVEfi    100    CLOSE   TC    BARRIES1/) 

OC05 STOP 

"0^0*5  EMD 
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D.10  SUBROUTINE  QATR(XL,XU,EPS,NDIM,FCT,Y,IERR,AUX) 

PURPOSE:      To  numerically  evaluate  the  integral: 

,XU 
Y  =/   FCT(x)dX 


XL 

SUBPROGRAMS 

USED:        External  Function  subprogram,  FCT  ,  defined  by  user. 


VARIABLES:     See  Listing. 

RESTRICTIONS:  The  argument  x  should  not  be  destroyed. 

SIZE:         1222 

REFERENCES:    Anon.;  "System/360  Scientific  Subroutine  Package 

(360A-CM-03X)  Version  II,  Programmer's  Manual", 

H20-0205-1  (2nd  Ed.),  International  Business 

Machines  Corporation,  1967. 
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SUBROUTINE  QAIB 


C 

C         PURPOSE 


C  TO  COMEUTE  AN  APPROXIMATION  ECR  INTEGRAL (FCT (X) ,  SUMMED 

C      OVER  X  ERCH  XI  1C  XU)  . 


C 

C         USAGE 


C  CALL  QATB  (XI, XU, EPS, NDIM,FCT , Y , IER , AUX) 

C  PARAMETER  ECI  REQUIRES  AN  EXIEBliAL  STATEMENT. 


C 

C         DESCRIPTION  OF  PARAMETERS 


C  XL      -  THE  ICWER  ECUNE  OE  TEE  INTERVAL. 

C  XU        THE  UEEER  ECUNC  OF  THE  INTERVAL. 


C  EPS     -  THE  UPPER  BCUNE  OF  THE  ABSOLUTE  ERROR. 

C  NDIM    -  THE  EIKENSICN  CF  THE  AUXILIARY  STORAGE  ARRAY  AUX. 


C  NDIH-1  IS  THE  KAXIKAI  KUMBER  OF  BISECTIONS  OF 

C^ _TKE  INTERVAL  (XL,  XU). | 

C  FCT     -  THE NAME~OF~THE  EXTERNAL  FUNCTION  SUBPROGRAM  USED.  • 

C  Y -  THE  FESULTING  APPROXIMATION  FOR  THE  INTEGRAL  VALUB. 

~C  IER   "  -""A  FESULTING  ERECR  FAFAKETER. 

C  AUX     -  AN  AUXIIIARY  STORAGE  AERAY  WITH  DIMENSION  NDIM. 


C 

_C REMARKS _  _  ■_ 

C            ERROR  PARAMETER  IER  IS  CODED  IN  "THE  FOLLOWING"  FO"RM 
_C^ IERf.0 -IT  KAS  FOSSIBLE  TO  EEACE  TBEJtEQUIBED  ACCURACY. 

c.  bcHebbcb." 

_C IER=1   -  IT  IS  IMJOSSIEIE  TO_E_EACH  THE  REQUIRED  ACCURACY 

C  BECAUSE  OF"  ROUNDING  ERECRS". 

C  IER=2   -  II  WAS  IMPOSSIELE  TC  CHECK  ACCURACY  BECAUSE  NDIM 


C  IS  IESS  THAN  5,  OR  THE  REQUIRED  ACCURACY  COULD  NOT 

C  EE  BEACHED  WITHIN  NEIM-1  STEPS.  NDIM  SHOULD  BE 


C  INCEEASED. 

C 


C         SUBROUTINES  AND  FUNCTICN  SCBPRCGFACS  REQUIRED 

_C THE  EXIERNAIFUNCTICN  _SEBPRCGFAJ  FCT(X)  MUST  BE  CODED  BY 

C  THE  "USER. "ITS  ARGUMENT  X  SHCUID  NOT  BE  DESTROYED. 

C 


C         METHOD 

C  EVAIUATION  CF  Y  IS  DONE  BY  MEANS  OF  TRAPEZOIDAI  RULE  IN 


C  CONNECTION  KITH  ROMEERGS  PRINCIELE.  ON  RETURN  Y  CONTAINS  I 
_C THE  BEST  POSSIBIE  APFROXIMATICN  CF  JTHE  INTEGRA!  VALUE  AND I 

C  VECTOR  AUX  THE  UPWARD  DIAGCNAf  CE  ROMBERG  SCHEME. 

C COMPONENTS  AUX  (I)  (1=1  ,  2,  .  .  ._,IE  KD,  WITH  TEND  LESS  THAN  OB ' 

"C  "EQUAL  TC  NDIM)  EECCME  APPROXIMATIONS "TO  INTEGRAL  VALUE  WITH  I 
_C DECREASING  ACCUR ACY  BY  KUITIEIICATICN  WITH  (XU-XI)  . ; 
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C                               FOB    EEFEEENCI,    SEE 
_£ Ui_F_ILIPPI  t._Ca.S_yEEFAHEEN  _VCN  _EC.MBEBG- STIEFEL-BAUER  _ALS. 


C  SPEZIAIFAIL    EES    ALLGEMEINEN    EEINZIPS    VON    BICHAEDSON, 

_C a AJJi  EM  A UKrJLEC H.NIK^lKIRJI SCEA  IT,    VOL.  11,    ISS.2     (1964)  ^ 


C  PP. 49-54, 

_£ (2)     EAOER.     ALGORITHM   60.    CACB.    VOL.4.    ISS.6     (1961).     PP.255. 


JLOJL! SCBBOOTINE    0  ATH  (XI  .IV  .EPS,  NDIK.FCT  .  Y  .IEB,  AUX) 

C 

£ 

0002  DIMENSION    AUX(1) 


C  PFEPABATIONS    CF    BCBEERG-LCCP 

_0JL(L3 AUX  (1)=.5*  <FCT(XL)+FCT  (X-UD_ 

0004                                                H=XU-XL 
J1X0.5 II  (.NDJLMrl)  8_^J 


0006  1    IF(H) 2,10,2 


C               NDIM    IS    GBEAIEB    THAN    1    AND    H    IS    MOT    EC.0AL    TO    0. 
_0XQ2 2_HH=H 


0008                                                E=EPS/ABS  (H) 
J1SLQ3 DELT2  =  0. 

0C10                                                P=1. 
J)JQJ  1_ JJrJ 


0012  DC    7    I=2,NDIH 

0C13 Y  =A U X  (1 ) 

0014                                                  DELT1=DELT2 
_0JLt5 : KE=HH 


CC16  HH=.5*HH 

JLC 1 J E  = .  5*  P 

0018  X=XL+HH 

0C19  Stt=0 

0020                                               DO    3    J=1,JJ 
0021 Si£SM±  F_CI_U )- 


0022 
0053 

3  X=X+HD                                                            ' 
AUX(I)  =.5*AUX  (1-1) +E*SH 

c 

c 

A  NEW  APPBOXIMATICN  CF  INTEGBiL  VAIUE  IS  COMPUTED  BY  MEANS  OF 
TEAPEZOIDAL  BOLE.                                                    ' 

V* 

c 

START  OF  BOMEFRGS  FXTEAPCLATICN  METBCE. 

0024 

Q=1.                                                                     ' 
JT=T-1                                                                ' 

0026 
0027 

DO  4  J=1,JI 
II=I-J 

0C28 

Q=Q*Q                                                                                                                                    • 
..  .  C=Qt£.. 

0030  4  AUX(II)=ADX(II+1)>(A0X(II  +  1)-iDX(II))/(Q-1.) 

. C      END  OF  BOMEEEG-STEP 


0031  DEL_T2  =  AES  (Y-AUX  (1)  ) 

0032  IE  (1-5)7,  5,5 

0033 5_I F  ( D  E LT2-E)  10,10,6 

0034  6  IF (DELT2-DELT1) 7,11,11 

0035  7  JJ=JJ+JJ 


0C36  8  IEB=2 

0037      9  Y=H*A  VX(X 

0  038  BETURN 

0C39  10  IEB=0 


0040  GC    TO    ! 

0041 11    IER=1 

0042  Y=H*Y 

0C43 BETOBN 

0044  END 
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D.ll  SUBROUTINE  SETUP 


PURPOSE: 


SUBPROGRAMS 
USED: 


To  calculate  the  geometrical  parameters  describing  an 
orientation  of  a  lane  segment  relative  to  a  receiver. 
See  Figure  D-  1 . 

DIFF(A,B,C),  UNIT(A.B),  D0T(A,B),  ADDV(A,B,C),  ARC0S(X,Y) 
ANGLE(X.Y),  MESS2 


VARIABLES:     X0(I),    coordinates  of  vector  locating  receiver. 

XRl(I.J),  coordinates  of  vector  locating  end  point  "1" 

of  the  lane  segment  J. 
XR2(I,J),  coordinates  of  vector  locating  end  point  "2" 

of  the  lane  segment  J. 
DR(I,J),  the  vector  defining  the  lane  segment  J. 
D01(I,J),  the  vector  defining  the  location  of  XR1 

relative  to  XO. 
D02(I,J),  the  vector  defining  the  location  of  XR2 

relative  to  XO. 
UR(I,J),  the  unit  vector  in  the  direction  of  DR(I,J) 
P0(I,J),  the  vector  perpendicular  to  lane  segment  J 

from  the  receiver  at  XO. 
ZIT(I),   the  vector  from  end  point  1  of  the  lane 

segment  J  to  the  intersection  point  of  the 

vectors  P0(K,J)  and  DR(I,J) 
A01(J),   the  angle  between  the  normal  from  the  receiver  to 

the  lane  segment  and  the  line  from  the  receiver 

to  end  point  "1"  of  the  lane  segment. 
A02(J),   the  angle  between  the  normal  from  the  receiver  to 

the  lane  segment  and  the  line  from  the  receiver 

to  end  point  "2"  of  the  lane  segment. 
I  =  1  dentoes  a  x-coordinate  of  the  vector 
I  =  2  denotes  a  y-coordinate  of  the  vector 
I  =  3  denotes  a  z-coordiante  of  the  vector 
I  =  4  denotes  the  length  of  the  vector 
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D.ll  SUBROUTINE  SETUP  (Continued) 


RESTRICTIONS:  None. 


SIZE: 


1176 


REFERENCES:    See  Figure  D-  1. 


End  Point  1 


Coordinate 

Origin 


j*  (iane  segment^ — — ^f  End  Point  2 


ecei ver 
Location 


FIGURE  D-l.  VECTORS  DEFINING  GEOMETRY  OF  SITE 
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D.12  SUBROUTINE  SUM(P,AEQ,A10,AR,A10R,AV,A10V,AT,A10r 


PURPOSE: 


To  sum,  on  an  intensity  basis,  the  sound  levels  at  a 
receiver  due  to  a  single  vehicle  type  operating  on  a 
single  lane  segment. 


SUBPROGRAMS 
USED: 

APT(X), 

VARIABLES: 

P; 

AEQ(I.J) 

A10(I,J) 

AR(J); 

A10R(J); 

AV(I); 

A10V(I); 

AT; 

AlOT; 

PIO; 

the  acoustic  intensity  to  be  added  to  the 

accumulation  arrays. 
;  the  equivalent  sound  level  at  the  receiver  from 

vehicle  type  I  on  lane  J. 
;  the  I_iq  sound  level  at  the  receiver  from  vehicle 

type  I  on  lane  J. 

the  equivalent  sound  level  intensity  at  the 

receiver  from  lane  J. 

the  l_2Q  sound  level  intensity  at  the  receiver 

from  lane  J. 

the  equivalent  sound  level  intensity  at  the 

the  receiver  from  vehicle  type  I. 

the  l_io  sound  level  intensity  at  the  receiver 

from  vehicle  type  I . 

the  total  Leq  sound  level  intensity  at  the  receiver 

the  total  l_io  sound  level  intensity  at  the  receiver 

the  I-20  sound  level  intensity  at  the  receiver 

from  vehicle  type  I  on  lane  J. 


RESTRICTIONS:  The  summation  is  accomplished  external  to  the  subprogram. 

That  is,  the  accumulation  is  based  upon  the  entry  value  of  the 
argument,  P,  and  the  values  of  I  and  J  specified  by  COMMON/A/. 


SIZE: 


820 


REFERENCES 


None, 
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D.13  SUBROUTINE  TABLE(AEQ,A10,AR,A10R,AV,A10V,AT,A10T) 

PURPOSE:      To  print  heading  and  sound  level  metrics  by  vehicle 

type  (columns)  and,  lane  number  (rows)  for  prediction 
output. 

SUBPROGRAMS 

USED:         None 

VARIABLES:     Subscript  I  denotes  a  vehicle  type 
Subscript  J  denotes  a  lane 
AEQ(I,J);  Leq  contribution  at  receiver  for  vehicle 

type  I  on  lane  J. 
A10(I,J);  L-j q  contribution  at  receiver  for  vehicle 

type  I  on  lane  J. 
AR(J);    Leq  contribution  at  receiver  for  traffic 

flow  on  lane  J. 
A10R(J);  L-|q  contribution  at  receiver  for  traffic 

flow  on  lane  J. 
AV ( I ) ;    Leq  contribution  at  receiver  for  vehicle  type  I 
AT;      Total  l_eq  at  receiver. 
A10V(I);  L"io  contribution  at  receiver  for  vehicle 

type  I. 
A10T;     Total  Leq  at  receiver. 

RESTRICTIONS:  The  tabular  format  assumes  four  vehicle  types  (columns). 

SIZE:         1568 

REFERENCES:    None 
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c 

C  PBINT  TABLE 
C 

0C01  SUBROUTINE! ABLE  (AEC  ,  A  10,  AB,  A1  CB,  AV  ,  A  1  CV,AT,  A  101) 

0C02  CCiiMON/A/PC,I,J,Ml,K2,lN,MOUT,lTITIE  (10),KA 

CC03  CCKMON/C/XO  (3)  ,NI,¥J,IBAB 

CC04  CCudON/D/ALfH*{13) 

0C05  DIMENSION  AE^  (4,  13)  ,  A  10  (4  ,  13)  ,  AR  ( 13)  ,  A  10R(13)  ,  AV(4)  ,A10V  (U) 

CC06  WB11E(M0UT,98) ITI1IE 

CC07  98  FCRMA1 ( • 0 • ,19, 10A4/) 

CC08  WBITE(tfOUT,63) 

CC09  63  FCBdAT ('O' ,13X, 'OESEBVEB    COOREINATES     (METBES)  • /1 18,  •  X«  , 

1128,' JM  ,138,  "Z'/l 

CC1C  WhllE(tiOUT,64)XO 

CC11  64  FCRi'»AT(1X,l1  1,3F10.2/) 

CC12  WBI1E([10U1,15) 

0C13  15  FCEHAT (1X,'LANEf ,1S, • ALPHA' ,T 15, 'SCONE    LEVEL • ,128, • AU10S' ,134, 

1 'MEDIUM ',141,  'HEAV3',148,'CmEB',T55,  'LANE'/ 
21X,'NUMBEB«  ,118,  •  MITEIC  #T34  ,  •TRUCKS1  ,141  ,  'TBUCKS  •  ,155,  'T01ALS'  /) 

CC1U  DC1200J=IEAB,NJ 

CC15  J1=J+1-IBA£ 

CO  16  WRITE  (i-lOUT,  16) J  1 , AIFHA  (J)  ,M1,  (AEQ  {I  ,  J  )  ,1=  1,  NI) 

CC17  16  FCBMAT ( 1X ,14  ,19  ,F5  .2  ,1 19, A3#128,F5-2  ,  2X,F5.2 , 1X,F5.2 ,2X,F5.2) 

CC18  WB1IE(H0U1,17)  AB(J) 

0C19  17  FCBMAT  (•  +  •  ,T56,F5. 2) 

CC20  WB1TE(MGUI,  18)  M2,  <A10  (I, J)  ,1=1, NI) 

CC21  1JB  FChMAT  (1X,119,A3,128,F5.2,2X,F5.2,1X,I5.2,2X,F5.2) 

0C22  KRITE(iiOUT,  17)  A10E  (J) 

0023  120C  CONTINUE 

CC2U  lifcllE  (MOUT,  19)  B1,  (AV(I)  ,I=1,NI)  I 

CC25  19  ECRMAT(1X, • VEblCLE  •  ,1 19, A3,T2£,F5. 2  ,2X,F5.2, 1X,F5.2, 2X,F5- 2)         ^ 

CC26  KBI1E{H0U1,17)  Al 

CC27  WE1IE(MOUT,20)M2,  (A  10V  (I)  ,1=1  ,NI) 

CC28  20  F0RMA1(1X,,101ALS«,119,A3,128,F5.2,2X,F5.2,1X,F5.2,2X,F5.2) 

CC29  W£I1E(M0UI,  17) A101 

CC30  EETURN 

CC31  END 


i 
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D.14  SUBROUTINE:  UNIT(A,U) 

PURPOSE:      To  calculate  the  unit  vector,  U,  of  a  given  vector,  A. 

SUBPROGRAMS 

USED:        None 

VARIABLES:     A(I) (1=1 ,2,3) ;  the  components  of  the  vector  A. 
A(4);         the  length  of  the  vector  A. 
U(I)=A(I)/A(4);  the  components  of  the  unit  vector  U. 

RESTRICTIONS:  The  subprogram  does  not  check  to  see  if  the  vector  A 

has  zero  length.  Hence  a  division  by  zero  is  possible. 

The  subprogram  does  not  assign  U(4)e  1.0. 

Usage  of  this  subprogram  recognizes  these  restrictions. 

SIZE:        366 

REFERENCES:         None. 

0001  SIBBOUTINEUNI1(A,0) 

c 

C  GENERATE  THE  UNIT  VECTCfl  FROM  ANY  GIVEN  VECTOB 
C 


0002                    DIEENSIONA(4) ,0 (4) 
-0003 DO  1Q01I=1f4 


0C04                   U  (I)=A(I)/A(4) 
0005 1001   CCNTINUE 


0C06  BETORN 

0C07  END 
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D.15  SUBROUTINE  ZERO(AEQ,A10,AR,A10R,AV,A10V,AT,A10T) 


PURPOSE: 


To  set  to  zero  all  values  of  the  accumulation  arrays  used 
to  store  sound  level  estimates. 


SUBPROGRAMS 
USED: 


None 


VARIABLES: 


Subscript 
Subscript 
AEQ(I.J); 

AIO(I.J); 

AR(J); 

A10(J); 

AV(I); 

A10V(I); 

AT; 

A10T; 


I  denotes  vehicle  type 
J  denotes  lane  number 

l_eq  contribution  at  receiver  from  vehicle 

type  I  from  lane  J 

L]q  contribution  at  receiver  from  vehicle 

type  I  from  lane  J 

Leq  contribution  at  receiver  from  lane  J 

L-j o  contribution  at  receiver  from  lane  J 

Leq  contribution  at  receiver  from  vehicle  type  I 

Lio  contribution  at  receiver  from  vehicle  type  I 

Total  Leq  at  receiver 

Total  L-j o  at  receiver 


i 


RESTRICTIONS:  None 


SIZE 


718 


REFERENCES: 


None 


CC01 


CC02 
CC03 

ccou 

CC05 
CC06 
CCC7 
CC08 
CCOS 
CC10 

ecu 

CC12 
0C13 
CC1U 
CC15 
0C16 


SCEKOUTINEZEKQ  (  AEQ , A  10 , AB , A1 OB, A V, «  1C V, AT  ,A10T) 
C 

C    ZEBO     JLL    ACCUMULATION    AEBAYS 
C 

CCMilON/C/XG  (3)  ,HI,SJ,IBAB 

DIilENS10NAEQ(U,  13)  ,A10(4,13)  ,  AB(13)  ,  A  10B  (  13)  ,  AV  (4)  ,A10V(4) 

A1=0. 

A10T=0. 

DC1001I=1,NI 

AV(I)  =0- 

A10V  (I)=0. 

DC1001J=1,NJ 

AEU  (I,J)=0. 

A10(1,J)=0. 

AB(J)=0. 

A1UB  (J)=0. 
1001   CONTINUE 

fctTUKN 

END 


4 
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D.16  FUNCTION  ALEQ(I,J) 


PURPOSE 


To  calculate  the  equivalent  sound  level  of  the  receiver 
from  a  finite  lane  segment  not  shielded  by  a  barrier. 


SUBPROGRAMS 
USED: 


ABS(X),  AMINl(X.Y),  AMAX1(X,Y),  PSI(J,PHI1 ,PHI2) , 
ANGLE(X,Y) 


VARIABLES:    ALPHA(J);  The  excess  distance  attenuation  parameter  for 

lane  J  to  the  receiver. 
AL0(I,J);  The  reference  energy  mean  emission  level  for 

vehicle  type  I  and  lane  J. 
N(I,J);    The  number  of  vehicles  of  type  I  on  lane  J 

during  the  time  T. 
DO;       15.2  meters  (BLOCK  DATA) 
T;       The  specified  time  period,  in  hours,  for 

which  Leq  is  to  be  calculated. 
S(J);     The  average  traffic  speed  in  kilometers  per 

hour  for  the  Jth  lane  during  the  time  T. 
P0(4,J);   The  distance  in  meters  that  the  receiver  is 

located  from  the  Jth  roadway. 
D01(4,J) 
D02(4,J);  The  distance  between  the  receiver  and  the 

endpoints  of  the  finite  lane  segment. 
DR(1,J);   The  vector  defining  the  orientation  and  the 

length  of  the  Jth  lane. 
THETA;    Criterion  for  parallelism  of  barrier  and 

lane  segments.  See  Section  5-1. 
ALEQ;     The  acoustic  intensity  at  the  receiver. 

RESTRICTIONS:  The  use  of  this  subprogram  assumes  that  the  finite  lane 
segment  is  not  shielded  from  the  receiver  by  a  barrier. 


SIZE 


922 


REFERENCES: 


See  Appendix  A, 
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D.17  FUNCTION  ANGLE(A,B) 


PURPOSE 


SUBPROGRAMS 
USED: 


To  calculate  the  cosine  of  the  angle  between  two 
vectors  (A,B) 

D0T(A,B) 


VARIABLES:    A(I),  B(I)  (1=1,2,3);  two  three  dimensional  vectors 
A(4);  The  length  of  vector  A 

B(4);  The  length  of  vector  B 


RESTRICTIONS: 


The  subprogram  does  not  check  to  see  that  the  length 
of  either  vector  A  or  vector  B  is  zero.  The  usage  of 
this  subprogram  should  recognize  this  to  prevent 
division  by  zero. 


SIZE: 


356 


REFERENCES 


None. 


0001 

c 

FCNCTIONANGLE(A,E) 

C 

c 

CALCULATE  THE  COSINE  EI1WEEN  2  3-VECTCBS 

0002 
0003 

DIMENSIONA(4)  ,E(4) 

ANGLE  =  DOT(A(1)  .E  (1)  ) /A  (U)  /E  {4  ) 

0004 
0C05 

EETUEN 
EKD 

D-27 


D.18  FUNCTION  APT(X) 


PURPOSE:      To  transorm  an  intensity  (10L/10)  to  a  level  (L) 


SUBPROGRAMS 
USED: 


< 


ALOGIO(X) 


VARIABLES:     X;  the  input  argument  (10L/1°) 

APT  =  101og(X);  the  output  value  (L) 


RESTRICTIONS:  None. 


SIZE: 


362 


REFERENCES:         None. 


OC01 
0002 


0C03 
CC04 


0005 
CC06 


FONCTIONAPT(X) 
If  (X.EQ .0.) AP1=0 


IP  (X.EQ.O.) BE1UBM 
AET=10.*AIOG10(X) 

BETUHN 
END 


< 


• 
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D.19  FUNCTION  COSALP(X) 


PURPOSE:      To  calculate  the  function:  [cos(xJ] 
SUBPROGRAMS 


USED: 


a 


COS(X) 


VARIABLES: 


RESTRICTIONS: 

SIZE: 

REFERENCES: 


X;       an  angle,  expressed  in  radians,  locating  a 

point  on  the  Jth  lane  relative  to  the  distance 
from  the  receiver  to  the  Jth  lane. 

ALPHA(J);  the  value  of  a  for  the  Jth  lane  relative  to 
the  receiver. 

None. 

380 

See  Appendix  A. 


0001 
0QQ2 


0003 
0C04 


FUNCTIONCOSAIP(X) 

CCMMON/A/I,J.M1,M2.IM.MOOT.ITITLEMQ) 

CCMMON/D/fiLPHA(13) 

CCSALP=COS  a)  **ALIEA  I  J) 


0C05 
QQQfi 


BETUEN 
JEJU2 
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D.20  FUNCTION  DELK(X) 


PURPOSE: 


SUBPROGRAMS 
USED: 


To  calculate  the  difference,  DELK(X),  between  a  Lio 
estimate  and  an  L  ,  X,  estimate  for  highway  traffic 


noise  sources. 


ALOG(IO) 


< 


VARIABLES: 


X;      the  input  value  of  Leq  (dummy) 

N(I,J);  the  number  of  type  I  vehicles  on  the  Jth 

traffic  lane  for  the  time  period  T 
P0(4,J);  the  distance  between  the  receiver  and  the 

Jth  lane 
S(J);    the  average  travel  speed  for  the  Jth  lane 

during  the  time  period  T 
T;      the  implied  time  period  in  hours. 
DELK  =  Lio~Leq  ^or  the  time  Penod»  T- 


RESTRICTIONS:  See  Derivation  in  Appendix  A-3. 


SIZE 


926 


i 


REFERENCES: 


0C01 


0002 
0003 

ooou 

0005 

OC05 
CC07 
0C08 
0009- 
0010 
0011 
0012 
0C13 
001a 

0C15 
0C16 
0017 
0018 
CC19 
0C20 
0021 


See  Appendix  A. 

FUNCTIONDELK(X) 
CCNVEFT   LEQ    TO    L10 


CCKH0N/APPLE/PC,I,J,K1  ,  M2  ,  IN,  FCUT,I7I  7LE  { 10)  ,KA 
CCMMON/DOG/ALPHA  (13) 

CCKKON/EINS/S  (13)  ,I,EC,AL0(&,  13)  ,H(«,  13) 

CCKMON/HIT/XR1  (3,  13)  ,XR2  (3,  13) ,  H  {%)  ,  DC1  (U  ,  13)  ,D02  (4,13)  , 
1DR(4,  13)  ,  A01  (13)  ,  AC2  (13)  ,PO  (4  ,  13)  ,QC  (1)  ,ZC(4)  ,PB 
If (X. EQ.O.)  DELK=0. 
IF(X,£Q.0.)  RETURN 
A  =  N(I,J)*PC(«,J)/S(J)/T 
If  (A. EQ.O.)  DEIK=0. 
If (A. EQ.O.) RETURN 

IF  (ALPHA  (J)  . EC.0..CR.KA.EQ.O) GOTO  10 01 
IF(A.LE.12.82  5)DEIK=-16.28*1«*.6924*ALCG10  (A) 
C=A/12.825 

IF  (A.  GT.  12.  82  5)  DEIK=1U  .  6924*AIOG  10  (C)  /C**  .589241 
RETURN 
1001      CONTINUE 

IF  (A. LE. 8.  11)  EELK=-8.98*9.87876*AL0G1C(A) 

C=A/8.11 

IF(A.GT.8.11)  EELK=S.87876*ALOG10  (C) /C  **.4  6395 

RETURN 

END 


4 


D-30 


D.21  FUNCTION  DELTAB(PHI1,PHI2) 


PURPOSE 


SUBPROGRAMS 
USED: 


To  calculate  the  integral: 

AB  =J      F(Y)dY 

Yl 
for  diffraction  calculations. 

External  Function  F,  Subroutine  QATR, 


VARIABLES:     PHI  1 ,  PHI2;  integration  limits  for  angular  orientation 

of  shielded  lane  segment 
AUX(IO);     auxiliary  array  used  by  QATR 
F;  See  FUNCTION  F. 

RESTRICTIONS:  The  use  of  this  subprogram  assumes  that  PHI1<PHI2. 


SIZE: 


404 


REFERENCES:         See  Appendix  A. 2. 


0001 
.MUZ. 


0C03 
0004 


0C05 
0CQ6 


FUNCTIONDELTAE(PHI1,PHI2) 

_D_  I M  EN  SI  ON  A  UX_LIQJ 

EXTERNALF 

CJ>LLOATR{PHn,PHI2.1.E-4,10.F.rEllAE.IEB,AOX) 
RETURN 
JBJID 


D-31 


D.22  FUNCTION  DIF(I.J) 


PURPOSE: 


SUBPROGRAMS 
USED: 


To  calculate  the  intensity  estimate.  10 


eq 


,  at  the 


receiver  from  a  lane  segment  shielded  by  a  barrier. 
DELTAB(PHI1,PHI2) 


i 


VARIABLES:     Subscript  I  denotes  vehicle  type 

Subscript  J  denotes  lane 

AL0(I,J);  reference  energy  mean  emission  level  for 
vehicle  type  I  on  lane  J. 
the  number  of  vehicles  of  type  I  on  lane  J 
comprising  the  traffic  flow  during  the 
time  period  T. 
15.2  meters  (BLOCK  DATA) 
time  period  in  hours  for  which  the  traffic 
conditions  and  resulting  sound  level  estimates  apply, 
the  average  traffic  speed  for  the  Jth  lane 
during  the  time  period  T. 


N(I.J); 


DO; 
T; 

S(J); 


Q0(4) 


• 


DIF  =  10  e(l 


WlO 


RESTRICTIONS:  None, 


SIZE 


542 


REFERENCES: 


See  Appendix  A. 2. 


0001 


0002 

QCQ3 


0004 


OC05 

.M06_ 

0007 

0C08 


0009 
ftfllfl 


F0NCTIONDIP(I,J) 


C   CALCULATE    LEQ    KITH    DIffBACTION 
C 


CCMMON/E/S(13)  , T,  EC,  AIO  (4  ,  13)  ,N(4,  13) 
_C_CM HO N/G/D ELT A #.£K H,PHI2  ,.PP_  ( ft L\ 3) . 

CCMflON/H/XB1(3,  13)  ,XE2(3,  13)  ,  H<4)  ,EC1  (4,  13)  ,D02(4,13), 
IDE  (4,  131^4.01  I 1 3)  f  AC  2(13)  ,PO(4,13)  ,CC  IH)  .  20(4)  ,PB . 

A1=10.**  (ALO  (i,J)/10.) 
_A 2=N_( 1 1 J )_*D 0/T/ S  (J iy_1 0 00.*E0/CO(4 ) 

A3=DELTAB(PHI1,PHI2) 

£>If=A1*A2*A3 

EETURN 

EBP 


* 
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D.23  FUNCTION  DOT(A,B) 


PURPOSE 


To  calculate  the  "dot"  or  scalar  product  of  two  vectors  (A,B) 


SUBPROGRAMS 

USED:        None. 


VARIABLES:    A(I),  B(I)  (1=1,2,3);  the  components  of  the  input  vectors 
DOT  =  Z^B-j 

RESTRICTIONS:  The  subprogram  assumes  three-component  vectors. 


SIZE: 


382 


REFERENCES: 


None, 


0001 


0002 
MPJ. 


CC04 
0005 


0006 

.0007. 

0008 


FUNCTIONDOT (A,B) 


C   CALCULATE    DOT    PBCDUCT    CI   3-VECTOBS 

_C 

DIMENSIOKA(3) ,E(3) 
DCT=0. 


0010011=1,3 
_P_  CT = D  OT»Am*E(I) 


100  1   CONTINUE 

BETURN 

EKD 
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D.24  FUNCTION  F(PHI) 

PURPOSE:      To  calculate  the  value  of  the  diffraction  function,  F, 
used  to  evaluate  barrier  attenuation. 

SUBPROGRAMS 

USED:         COS(X),  ABS(X),  SQRT(X),  TAN(X),  TANH(X) 

VARIABLES:     PHI,   the  angle  between  the  normal  to  the  barrier-lane 

system  and  the  point  on  the  lane  for  which  the 

diffraction  function  is  required. 
DELTA,  the  path  length  difference  between  the  source 

location  and  the  receiver. 
NBAR,  the  Fresnel  Number  for  an  assumed  frequency  of 

550Hz  and  a  speed  of  sound  of  343  m/s.  (2.550/343=3.207) 
TPI  =  2^  -  6.2832 
Zl,    lower  limit  criterion  for  diffraction  specified 

in  MAIN.  See  Appendix  A. 2. 
X3,    upper  limit  for  value  of  attenuation  function. 


RESTRICTIONS: 


The  theory  used  to  develop  this  subprogram  assumes  that 
the  lane  and  the  top  edge  of  the  barrier  are  parallel. 


SIZE 


662 


REFERENCES:    See  Appendix  A. 2. 
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D.25  FUNCTION  PSI ( J , PHI  1 ,PHI2 ) 


PURPOSE: 


SUBPROGRAMS 
USED: 


To  calculate  the  integral: 

fY2 
PSI  =  /  cosa(Y)dY 

Yl 


COSALP(X),  Subroutine  QTRA 


i 


VARIABLES:     Subscript  J  denotes  a  lane. 

PHI1,  PHI2  are  integration  limits  denoting  the  angular 

orientation  of  the  lane  relative  to  the  receiver, 
AUX(IO)  an  auxiliary  array  used  by  QTRA. 
ALPHA(J),  the  user-defined  value  of  a  relative  to  lane  J 
from  the  receiver. 


RESTRICTIONS:  If  a=0,  then  PSI  =  PHI2-PHI1.  The  subprogram  assumes 
that  PHI1<PHI2.  Usage  reflects  this  restriction. 


SIZE: 


534 


i 


REFERENCES.         See  Appendix  A.l 


OOOI 
0002 


0C03 
0004 


0005 
0C06 


0C07 
0008 
0C09 


F0NCTIONPSI(J,PHI1,EHI2) 
_C  CM  MO  N/D/ AL  P_H  A  (J  3J_ 

DIMENSIONAUX(IO) 
EXTERNALCOSALf 


If (ALPHA (J) . EC.0.)ESI=PHI2-PHI1 
J  F  XA  LP  H.A_XiD,fiC,(LtJfE^OBN 


CALLQATE(PHI1,PHI2,1.E-a,10rCCSALP#ESI,IEE#AUX) 

_BJT  0  RN 

END 
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D.26  FUNCTION  TPA(X) 


PURPOSE: 


To  transform  a  level  (L)  to  an  intensity  (10    ) 


SUBPROGRAMS 

USED:        None. 


VARIABLES:     X;  the  input  argument  (level,  L) 

TPA  =  10X/1°;  the  output  value  (intensity) 

RESTRICTIONS:  None. 

SIZE:         382 


REFERENCES: 


None, 


> 


0C01 
0C02 


0003 
0C04 


0C05 
0006 


FUNCTIONTFA(X) 
JLFJ  X^  E  Q,0.)TP  a  =  o 


If (X.EQ.O.) BETURH 
T  F  A=10  ,**(X/10.) 
RETURN 
END 


> 


»  U.S.  GOVWNMEUT  PIMNTMG  OFFICE:  1M9  -628-623/2123 
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FEDERALLY  COORDINATED   PROGRAM  OF  HIGHWAY 
RESEARCH  AND  DEVELOPMENT   (TCP) 


The  Offices  of  Research  and  Development  of  the 
Federal  Highway  Administration  are  responsible 
for  a  broad  program  of  research  with  resources 
including  its  own  staff,  contract  programs,  and  a 
Federal-Aid  program  which  is  conducted  by  or 
through  the  State  highway  departments  and  which 
also  finances  the  National  Cooperative  Highway 
Research  Program  managed  by  the  Transportation 
Research  Board.  The  Federally  Coordinated  Pro- 
gram of  Highway  Research  and  Development 
(FCP)  is  a  carefully  selected  group  of  projects 
aimed  at  urgent,  national  problems,  which  concen- 
trates these  resources  on  these  problems  to  obtain 
timely  solutions.  Virtually  all  of  the  available 
funds  and  staff  resources  are  a  part  of  the  FCP, 
together  with  as  much  of  the  Federal-aid  research 
funds  of  the  States  and  the  NCHRP  resources  as 
the  States  agree  to  devote  to  these  projects.* 


FCP  Category  Descriptions 

1.  Improved    Highway   Design   and   Opera- 
tion for  Safety 

Safety  R&D  addresses  problems  connected  with 
the  responsibilities  of  the  Federal  Highway 
Administration  under  the  Highway  Safety  Act 
and  includes  investigation  of  appropriate  design 
standards,  roadside  hardware,  signing,  and 
physical  and  scientific  data  for  the  formulation 
of  improved  safety  regulations. 

2.  Reduction    of    Traffic    Congestion    and 
Improved  Operational  Efficiency 

Traffic  R&D  is  concerned  with  increasing  the 
operational  efficiency  of  existing  highways  by 
advancing  technology,  by  improving  designs  for 
existing  as  well  as  new  facilities,  and  by  keep- 
ing the  demand-capacity  relationship  in  better 
balance  through  traffic  management  techniques 
such  as  bus  and  carpool  preferential  treatment, 
motorist  information,  and  rerouting  of  traffic. 


*  The  complete  "-volume  official  statement  of  the  FCP  is 
available  from  the  National  Technical  Information  Service 
(XTIS),  Springfield,  Virginia  22161  (Order  No.  PB  242057, 
price  $45  postpaid).  Single  copies  of  the  introductory 
volume  are  obtainable  without  charge  from  Program 
Analysis  (HKD-2),  Offices  of  Research  and  Development, 
Federal    Highway   Administration,    Washington,   D.C.    20500. 


3.  Environmental  Considerations  in  High- 
way Design,  Location,  Construction,  and 
Operation 

Environmental  R&D  is  directed  toward  identify- 
ing and  evaluating  highway  elements  which 
affect  the  quality'  of  *he  human  environment. 
The  ultimate  goals  are  reduction  of  adverse  high- 
way and  traffic  impacts,  and  protection  and 
enhancement  of  the  environment. 

4.  Improved  Materials  Utilization  and  Dura- 
bility 

Materials  R&D  is  concerned  with  expanding  the 
knowledge  of  materials  properties  and  technology 
to  fully  utilize  available  naturally  occurring 
materials,  to  develop  extender  or  substitute  ma- 
terials for  materials  in  short  supply,  and  to 
devise  procedures  for  converting  industrial  and 
other  wastes  into  useful  highway  products. 
These  activities  are  all  directed  toward  the  com- 
mon goals  of  lowering  the  cost  of  highway 
construction  and  extending  the  period  of  main- 
tenance-free operation. 

5.  Improved  Design  to  Reduce  Costs,  Extend 
Life  Expectancy,  and  Insure  Structural 
Safety 

Structural  R&D  is  concerned  with  furthering  the 
latest  technological  advances  in  structural  de- 
signs, fabrication  processes,  and  construction 
techniques,  to  provide  safe,  efficient  highways 
at  reasonable  cost, 

6.  Prototype  Development  and  Implementa- 
tion of  Research 

This  category  is  concerned  with  developing  and 
transferring  research  and  technology  into  prac- 
tice, or,  as  it  has  been  commonly  identified, 
"technology  transfer." 

7.  Improved  Technology  for  Highway  Main- 
tenance 

Maintenance  R&D  objectives  include  the  develop- 
ment and  application  of  new  technology  to  im- 
prove management,  to  augment  the  utilization 
of  resources,  and  to  increase  operational  efficiency 
and  safety  in  the  maintenance  of  highway 
facilities. 
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